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ABSTRACT
Bloomfield, Susan L., M.S., Spring, 1983 Geology
The Proterozoic Greyson-Spokane Transition Sequence: A
S tra t ig raph ic  and Gravity Study, West-Central Montana
D irector: Don Winston
Four s tra t ig ra p h ic  sections through the Greyson-Spokane t ra n s i t io n  
sequence were measured a t Trout Creek and Beaver Creek, east o f the 
Eldorado th rus t and a t  Wolf Creek and the Spokane H i l l s ,  west o f 
the th rus t.  The t ra n s i t io n  sequence consists of fou r sediment 
types: 1) wavy couplet, 2) f in e  sand, 3) microlaminated couplet,
and 4) coarse sand sediment types.
The four sediment types combine in to  three l i th o fa c ie s :  A, B, and
C. L ithofacies A consists of the microlaminated couplet interbedded 
with the f in e  sand sediment type and represents a subtidal 
environment. L ithofacies B consists o f the wavy couplet sediment type 
interbedded with f in e  sand beds and planar cross-bedded coarse sand 
beds. This l i th o fa c ie s  ind icates an in te r t id a l  environment. 
L ithofacies C contains upper in te r t id a l  deposits represented by the 
horizonta lly-lam inated coarse sand sediment type.
The re p e t i t iv e  succession o f L ithofacies A, B, and C reveals an 
overa ll marine regression including four regressive-transgressive 
cycles. The four cycles define the t ra n s it io n  sequence and corre la te  
well across the four measured sections.
While the measure sections straddle  the Eldorado th ru s t,  they also 
straddle a proposed east-west trending Proterozoic f a u l t  zone (the 
Greenhorn l in e ,  Winston and others, 1982 ms.). The thickness o f 
the t ra n s i t io n  sequence increases s l ig h t ly  south of the Greenhorn 
l in e  possibly re f le c t in g  a higher subsidence ra te . The data do 
not strongly suggest a fa u l t  zone. However, g rav ity  data support 
evidence fo r changes in a tecton ic  s ty le  o f th rus ting  around the 
Greenhorn l in e .  Up lif ted  c ry s ta l l in e  basement possibly acted as a 
buttress north of l in e  causing thrusts  to ramp steeply. South o f  the 
l in e ,  where no buttressing existed, the thrusts were able to r ide  at 
a low angle possibly in to  a down-dropped block.
Dedicated to Jan and B i l l  Bloomfield 
fo r  undying support and love.
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During Middle Proterozoic time, sediments o f the Belt Supergroup 
were deposited in a basin presently located in parts of Washington,
Idaho, Montana, and southern Canada (F ig. 1). Don Winston and others 
(1982 ms.) proposed tha t the B e lt basin was composed o f several f a u l t -  
bound blocks. The Proterozoic fault-zones between the blocks are 
re ferred to as l ines (F ig. 2). They base th e i r  hypothesis on:
1) s tra t ig ra p h ic  thickness changes across the fa u l t  zones, 2) response 
in Cretaceous to Pal eocene th ru s t in g , and 3) response in Eocene to 
Recent extension. This study tests part o f  Winston's hypothesis by 
focusing on one c r i t i c a l  area: the in te rsection  o f the Greenhorn and
Townsend lines (Fig. 3). A s tra t ig ra p h ic  and sedimentological study of 
the Proterozoic Greyson-Spokane t ra n s i t io n  across the Greenhorn and 
Townsend lines was conducted to see i f  growth fa u lts  were re f lec ted  in 
the s tra t ig ra p h ic  sequence or sedimentary environment. In add it ion , I 
compiled s truc tu ra l data and ava ilab le  maps and analyzed published grav ity  
data to search fo r  evidence o f the proposed Proterozoic growth fa u l ts .
Previous Work
Several workers have mapped and described the Greyson and Spokane 
formations near Helena, Montana (Mertie and others, 1951; Nelson, 1963; 
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Figure 2. Map o f proposed Proterozoic fa u l t  zones and crustal













Figure 3. Map showing location o f measured sections (black tr iang les ) 
and o r ie n ta t ion  o f Greenhorn and Townsend l in e s .
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Durham, 1972; Schmidt, 1972; Whipple, 1980; see Fig. 4). Davis and 
others (1963) also conducted a gravity and aeromagnetic study of the 
East Helena and Canyon Ferry quadrangles. Structural studies concerned 
with Mesozoic and Cenozoic tectonics and the ir  effect on the Belt 
terrane have also been conducted in th is area (Bregman, 1976; Reynolds, 
1978; Woodward, 1981).
Present Study
I measured stratigraphic sections through the Greyson-Spokane 
transition sequence at Trout Creek, Beaver Creek, Wolf Creek, and the 
Spokane H il ls  (Fig. 5). Exact locations are given in Appendix A. All 
sections were measured by Brunton compass and Jacob's s ta f f  from the 
brown and grey, sandy shale of the upper Greyson into red sandy s i l t  and 
a r g i l l i t e  of the lower Spokane. Data from a total of 595 meters of 
measured section include a graphic and written log of each section com­
piled at a scale of 1 inch to 5 feet (Appendix B).
The gravity data used in this study came from United States Department 
of Defense f i le s  and United States Geological Survey Open-file reports 
(Appendix C). A two dimensional modelling program provided a basis for 
interpreting the data (Appendix D).
Structural Setting
The locations of the four measured sections spatia lly  bracket the 
Eldorado thrust, the easternmost major north-northwestern-trending 
thrust of the overthrust belt (Mudge, 1970). The Wolf Creek and Spokane 
H il ls  sections l ie  to the east of the Eldorado thrust, and the Trout
6
Figure 4. Index to geologic maps used in compilation of 
geologic map o f study area. Numbers are keyed 
to references as fo llows: 1, Bregman (1971);
2, Durham (1972); 3, Davis and others (1963);
4, Knopf (1963); 5, Lyons (1944); 6, Mertie and 
others (1951); 7, Robinson and others (1969);
8, Shaffer (1971); 9, Weinberg (1970).
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Figure 5. Map showing locations of measured sections (black tr iang les ) 
in re la t ion  to Eldorado th rus t fa u l t .
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Creek and Beaver Creek sections l i e  to  the west o f the th ru s t (F ig. 5). 
Bregman (1971) calculated a minimum displacement of 16.9 kilometers fo r  
the Eldorado th rus t based on s tra t ig ra p h ic  thicknesses and the geometry 
o f  the th rus t. Bregman (1976) also noted a change in the configuration 
of the th ru s t along the north edge o f  the Helena embayment. South of 
the Greenhorn l in e  the Eldorado is  a low-angle th ru s t ,  whereas north of 
the Greenhorn l in e  the Eldorado has ramped steeply, possibly onto a 
Precambrian c y rs ta l l in e  buttress (Bregman, 1976; Woodward, 1981; Winston, 
1982 ms.). Reynolds (1978) recognized extensional s t r ik e  s l ip  fau lts  
and l i s t r i c  normal which curve westward as they approach the Greenhorn 
l in e  from the south.
CHAPTER I I
SEDIMENT TYPES: DESCRIPTION AND INTERPRETATION
Several l i th o lo g ie s  occur in  the Greyson-Spokane t ra n s i t io n  
sequence. Although these l i th o lo g ie s  re f le c t  o r ig in a l sedimentation, 
diagenesis and metamorphic h is to ry ,  they are c la s s i f ie d  c h ie f ly  on the 
basis o f o r ig in a l sedimentary cha rac te r is t ics  because diagenesis and 
metamorphism are o f secondary importance in constructing a pal eon- 
environmental model. C r i te r ia  such as composition, grain s ize, so r t ing , 
and primary sedimentary structures define the sediment types.
The Greyson-Spokane t ra n s it io n  consists o f four major sediment 
types. They are in  order of decreasing abundance: 1) wavy couplets;
2) f ine  sand; 3) microlaminated couplets; and 4) coarse sand. Each 
sediment type is described in d iv id u a l ly  and in te rpre ted in  terms o f 
sedimentary processes and paleoenvironment.
Wavy Couplet Sediment Type
The wavy couplet sediment type consists o f s i l t y ,  very f ine  sand 
layers sharply overla in  by mud layers (Fig. 6). Both sand and mud 
layers are continuous, forming wavy bedding as described.by Reineck and 
Singh (1975). Sand layers 0.5 to 2.5 cm. th ick  show current and wave 
r ip p le  cross-laminations. These layers thicken and th in  with average 
wavelengths o f 8 cm. and amplitudes o f 2 cm.. Most r ipp les  are 
symmetrical and sharp-crested but some are fla t- topped or reworked in to
10
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Figure 6. Wavy couplet sediment type.
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in te rference patterns. Thin mud layers form drapes less than 1 cm. 
th ic k  over the ripp led sand layer beds. Together, a sand layer over- 
la in  by a mud layer constitu tes a couplet which ranges from 0.5 to 
3 cm. th ick .  Couplets cut by mudcracks conmonly occur in th is  sediment 
type but in many parts of the section they are absent.
In terlam ination of sand and clay forming wavy beds re s u lt  from 
periods of traction-1oad transport and deposition .from diurnal t id a l  
currents a lte rna t ing  with periods of suspended-1oad deposition from 
standing water (Reineck and Singh, 1975). Because mud layers are pre­
served in wavy bedding, current v e lo c it ie s  were probably low. Asymmetri­
cal r ipp les  in the sand layers re s u lt  from t id a l  currents. During high 
water, symmetrical r ipp les  formed by wave o s c i l la t io n  in shallow water 
and f la t- topped  r ipp les  formed by receeding water and subsequent ex­
posure. F in a l ly ,  c lay se tt led  from suspension in standing water onto 
these ripp led beds. Shallow mudcracks ind ica te  b r ie f  subaerial exposure. 
Mudchips were probably deposited by t id a l  currents in the sand layers 
(Fig. 7).
Many workers describe s im ila r  sedimentary packages from modern 
t id a l  environments (Reineck and Singh, 1975; Reineck, 1975; Sellwood, 
1975) and others have interpreted s im ila r  Proterozoic sequences as in te r ­
t id a l  deposits (Button and Vos, 1977; Bhattacharyya and others, 1980; 
Watchorn, 1980; Whipple, 1980).
13
Figure 7. Mudchips in  the wavy couplet sediment type.
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Fine Sand Sediment Type
The f in e  sand sediment type consists o f very f ine -g ra ined , w e l l-  
sorted, quartzose sand beds which average 3 to 8 cm. in thickness. 
Locally they range up to 40 cm. th ick . Where f in e  sand beds are less 
than 5 cm. th ic k ,  in te rna l s t r a t i f i c a t io n  is dominated by asymmetrical 
r ip p le  cross-laminations. As in the wavy couplete sediment type, they 
mostly appear sharp-crested, but are lo c a l ly  f la t- topped  and reworked. 
Beds th icke r than 5 cm. are horizon ta lly- lam inated at the base, changing 
to r ip p le  cross-laminated near the top (F ig. 8). Fine sand beds capped 
by mud drapes are in te r s t r a t i f ie d  with the wavy couplet sediment type.
Horizonta lly- lam inated sand beds form in the plane-bed phase of the 
upper flow regime by tra c t ion - load  current sedimentation (Simons and 
others, 1965). F la t laminations have also been produced in a flume by 
migrating o s c i l la t io n  r ipp les  (McBride and others, 1975). Several 
workers have in terpreted horizon ta lly - lam inated and ripp le-topped sand 
layers as subtidal to in te r t id a l  deposits. Button and Vos (1977) and 
Klein (1970) proposed shallow subtidal sand bodies or bars as a possible 
explanation fo r these types o f sand beds. Some authors postulate a more 
landward environment, such as shoreface deposits or reworked t id a l  sand 
shoals (Bhattacharyya and others, 1980; Watchorn, 1980). Ripple-topped 
sand beds may also be evidence fo r  la te -stage emergence ru n -o f f  in an 
in te r t id a l  f l a t  (Watchorn, 1980). Fine sand beds probably formed in 
environments tha t ranged from subtidal to high in te r t id a l .  They are 
common throughout the section regardless o f evidence fo r  subaerial 
exposure in the surrounding wavy couplete sediment type.
15
Figure 8. Fine sand bed ho r izon ta lly -!am ina ted  
a t base, changing to  curren t r ip p le  
cross-1aminated near top.
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The frequency and re g u la r i ty  o f f in e  sand beds suggest tha t they 
represent f a i r  weather processes. Whipple (1980) in te rpre ts  f in in g -  
upward sequences tha t begin with s im ila r  f in e  sand beds as f lu v ia l  or 
sheetwash deposits in the Upper Middle Spokane. The f in e  sand beds of 
the Greyson-Spokane t ra n s i t io n  sequence probably represent f lu v ia l  or 
sheetwash deposits reworked by t ide s .
Microlaminated Couplet Sediment Type
The microlaminated couplet sediment type consists o f m il l im e te r -  
scale s i l t  layers sharply overla in  by mud layers o f the same scale. 
Ind iv idua l couplets are less than 5 mm. th ic k  and are la te r a l ly  con­
tinuous fo r  several meters. Locally, s i l t  layers pinch out or pass 
la te r a l ly  in to  mi 11imeter-scale foreset cross-laminations. Couplet 
thickness ranges from less than 1 to 5 mm. and composition ranges from 
terrigenous through carbonaceous or calcareous. Thinner, carbonaceous 
couplets are comnonly dislocated as tabular sheets and form centimeter- 
scale s o f t  sediment fo lds . Loca lly , sets o f couplets are truncated by 
scour and f i l l  structures (F ig. 9). These carbonaceous couplets commonly 
occur in te r s t r a t i f ie d  with do lom itic  couplets, which are normally th icke r 
and contain "molar-tooth" (F ig. 10; see O'Connor, 1972, fo r descrip tion 
o f molar-tooth). Stromatolites and stromatoforms are in te r s t r a t i f ie d  
w ith  molar-tooth s truc tures.
S i l t  layers overla in  by clay layers re f le c t  a lte rna ting  current 
v e lo c it ie s ,  possibly from t id a l  currents. Variations in currents and 
subsequent reworking caused the laminations (Thompson, 1975). The
17












Figure 10. Molar-tooth s truc tu res in  calcareous microlaminated 
couplets.
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carbon-rich couplets incorporate organic materia l which may represent 
very th in  cohesive mats tha t required s l ig h t ly  higher current v e lo c it ie s  
to remove (Grotzinger, 1981). Stronger, possibly storm currents induced 
the soft-sediment folds and scour and f i l l  structures in the carbonaceous 
couplets. Stromatolites have been recognized as both in te r t id a l  and 
supratidal ind ica tors  (Reineck and Singh, 1975; Button and Vos, 1977) 
and as subtidal ind ica tors as well (Gebelein, 1969; Bh'attacharyya and 
others, 1980). Stromatolites w ith in  the micro laminated couplet sediment 
type are probably a good in d ica to r  fo r  the subtidal environment because 
they lack any evidence fo r  subaerial exposure.
Coarse Sand Sediment Type
A. Horizonta lly-laminated Coarse Sand Subtype
The horizonta lly-lam inated coarse sand subtype consists o f  in d iv i ­
dual, horizonta lly-lam inated sand beds up to  80 cm. th ic k  (F ig. 11).
Grain size varies from less than 1.00 to 2.50, with poor to good so rt ing . 
Grains probably from the coarse sand environment are scattered in the 
f in e  sand sediment type and in the sand layers of the wavy couplet 
sediment type. These beds are in te r s t r a t i f ie d  w ith  the wavy couplet 
sediment type.
Horizonta lly-lam inated beds o f the coarse sand sediment type record 
deposition from the upper f low  regime l ik e  those o f the f in e  sand 
sediment type. However, th is  sediment subtype is  less abundant and 
includes a wider range of grain size and sort ing  than the f in e  sand 
sediment type. Larger grain size and ind iv idua l bed size ind ica te
20
Figure 11. Horizonta lly-1aminated coarse sand bed
interbedded w ith  the wavy couplet sediment type.
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greater and more variab le  current ve lo c it ie s  and perhaps a d i f fe re n t  
source area, possibly re f le c t in g  transport by longshore currents 
(Winston, pers. comm.). Bhattacharyya and others (1980) in terpreted 
poorly-sorted, horizonta lly-lam inated sand beds as high in te r t id a l  
storm deposits. Varia tions in bed s ize, grain s ize, and sorting plus 
association w ith subaerial sedimentary structures also support th is  
hypothesis.
B. Planar Cross-bedded Coarse Sand Subtype
Planar cross-bedded sand beds form low angle tabular sets which 
range from 10 to 50 cm. th ick  (Fig. 12). Ind iv idua l sets are con­
tinuous across several meters o f outcrop but lo c a l ly  contain foreset 
laminations or are truncated by other low-angle cross-beds. This sub- 
type is  interbedded with the wavy couplet sediment type.
Low-angle planar cross-beds may represent upper flow  regime processes 
in the marine foreshore. S lig h t deviations in beach slope between 
t id a l  cycles causes truncation o f previously deposited layers and there­
fo re  produces low-angle cross-bedding tha t is  typ ica l o f  foreshore deposits 
(C l i f to n ,  1969). Foresets w ith in  th is  subtype may represent micro­
delta bar deposits formed by washover fans (Schwartz, 1982).
22
Figure 12. Low-angle planar cross-bedded coarse sand bed
interbedded w ith  the wavy couplet sediment type.
CHAPTER I I I  
CORRELATION AND STRATIGRAPHIC SYNTHESIS
The la s t  chapter discussed ind iv idua l sediment types and proposed 
some depositional environments. The v e r t ic a l succession o f  these 
sediment types in the Greyson-Spokane t ra n s i t io n  sequence defines three 
l i th o fa c ie s  labelled A, B, and C. This section 1) describes spec if ic  
depositional environments fo r  each of the l i th o fa c ie s  based on sediment 
type and s tra t ig ra p h ic  ju x ta p o s it io n , 2) corre la tes the measured 
sections, and 3) discusses conclusions based on the s tra tig raphy and 
sedimentation o f the Greyson-Spokane t ra n s i t io n  sequence.
Lithofacies A
Lithofac ies  A consists p r im a r i ly  o f the microlaminated couplet 
sediment type with occasional in te r s t r a t i f ie d  beds o f  the f in e  sand 
sediment type. Para lle l lam ination, absence o f subaerial sedimentary 
s truc tu res, common dolomite, and strom ato lites ty p i fy  th is  l i th o fa c ie s .
The structures w ith in  th is  l i th o fa c ie s  are ch a ra c te r is t ic  of 
subtidal deposits. Carbonaceous microlaminated couplets probably 
formed by algal mats and strom ato lites ind ica te  deposition in the photic 
zone. Therefore, the subtidal environment o f th is  part o f the Helena em- 
bayment was probably shallow. The f in e  sand beds w ith in  th is  subfacies 
are generally th icke r and less common than those interbedded with the 
wavy couplet sediment type. Subtidal f in e  sand beds were probably 




L ithofac ies B consists p r im a ri ly  o f interbedded wavy couplet 
and f in e  sand sediment types. The planar cross-bedded coarse sand 
subtype also occurs in th is  l i th o fa c ie s .  Mudcracks and mudchips 
commonly occur w ith in  the wavy couplets sediment type. Wavy bedding 
along with desiccation structures generally indicates an in te r t id a l  
f l a t  environment. Horizonta lly-lam inated f in e  sand beds represent 
reworked, lower in te r t id a l  sand shoals. Planar cross-bedded coarse 
sand beds represent beach deposits also in a lower in te r t id a l  
envi ronment.
L ithofac ies C
Lithofac ies C consists o f the horizonta lly - lam inated coarse sand 
sediment subtype. This l i th o fa c ie s  occurs in te r s t r a t i f ie d  w ith the 
wavy couplet sediment type and is in terpreted as an upper in te r t id a l  
deposit. Whipple (1980) in terpreted s im ila r  deposits in the Upper 
Spokane formation as beach berm deposits. Bhattacharyya and others 
(1980) in te rpre ted horizonta lly-lam inated coarse sand beds to be storm 
deposits which resulted from more intense wave action and turbulence.
Corre la ti on
Each measured section has been subdivided in to  sequences of 
L ithofac ies A, B and C. Correlation based on the succession o f  l i t h o ­
facies reveals four marine regressive-transgressive cycles. Each 
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Figure 13. Schematic s tra t ig ra p h ic  column showing four 
regressive-transgressive cycles.
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The four cycles form the t ra n s i t io n  sequence and each cycle corre lates 
well throughout a l l  four measured sections (Fig. 14). Sections at 
Wolf Creek, Trout Creek, and Beaver Creek are approximately 100 meters 
th ick  while the Spokane H i l ls  section is  220 meters th ick .
S tra t ig raph ic  Synthesis
The Greyson-Spokane t ra n s i t io n  sequence represents-a regressive 
sequence in a tide-dominated environment. However, i t  does not f i t  
the "c lass ic " t id a l  sequence because: 1) i t  lacks t id a l  channel
deposits, and 2) lack o f documented bimodal-bipolar current d irec t ions .
Several workers have in te rpre ted Precambrian sequences (K le in , 
1970a; Siedlecka, 1978) and Paleozoic sequences (Barnes and K lein,
1975; Walker and Harms, 1975) which lack evidence fo r  t id a l  channels 
as t id a l  deposits. Several conditions might explain the absence o f 
t id a l  channels. In a predominantly f ine-gra ined system, a large volume 
o f s i l t  and clay tha t overwhelms sand may diminish development o f 
beaches and shoals. Therefore, un restr ic ted  t id a l  currents move over 
the f la ts  in broad, uniform flow with l i t t l e  tendency to form channels. 
Lack o f vegetation in the Proterozoic and the subsequent lack o f a 
cohesive framework binding the surface of the t id a l  f l a t  also enabled 
t id a l  currents to flow uniform ly over the f l a t .
Sedimentary structures and bed configuration in the Greyson- 
Spokane tra n s it io n  sequence suggest an environment w ith low hydraulic 
energy. Extensive la te ra l co n t in u ity  o f  ind iv idua l beds suggest a 
broad, f l a t ,  featureless t id a l  f l a t  and she lf. Nearshore wave in te n s ity
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Figure 14. Correlation across four measured sections based on 
succession o f l i th o fa c ie s  A, B, C, and D.
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was probably generated by local winds ra ther than the wind fetch 
across the e n t ire  Belt sea. Because o f the very large, shallow she lf ,  
waves generated fu r th e r  out in deeper water " f e l t  bottom" and lo s t  
energy as they trave lled  to shore. Additional evidence fo r  low energy 
includes: 1) suspension-deposited s i l t  and clay in the subtidal and
in te r t id a l  zones ra ther than cross-bedded sands o f more turbu lent systems, 
and 2) preserved clay in wavy bedding ra ther than f la s e r  bedding in 
the current-formed deposits.
Only apparent current d irec tions were observed at the measured 
sections, therefore bimodal-bipolar current d irec t ions  could not be 
documented. Although bimodal-bipolar current d irec t ions  provide strong 
evidence fo r  t id a l  currents, not a l l  t id a l  deposits are b ipo la r. 
T ime-velocity asymmetry produces unimodal crossbed d irec tions  in some 
t id a l  regimes (K le in , 1971; Watchorn, 1980). Therefore, even though 
t id a l  channels and bimodal-bipolar current d irec tions  are not documented 
in the Greyson-Spokane t ra n s it io n  zone, a t id a l  f l a t  in te rp re ta t io n  is  
s t i l l  possible.
Very f in e  sand, s i l t ,  and clay dominate the Greyson-Spokane 
tra n s it io n  zone. In the upper middle Spokane Formation, Whipple (1980) 
in te rp re ts  horizonta lly - lam inated subfeldspathic arenites as delta 
sheetwash and braided a l lu v ia l  deposits surrounded by t id a l  f l a t  
deposits. The f lu v ia l  sediment input c e r ta in ly  affected sedimentation 
in the Spokane Formation. However, f in e  sand beds in  the Greyson- 
Spokane t ra n s it io n  sequence never occur in sets and never appear to 
be channel deposits. They probably represent t o t a l l y  reworked
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sediments of a t id a l  environment whereas higher in  the Spokane, they 
may represent primary f lu v ia l  deposits. The coarse sand size in the 




The purpose of a g rav ity  analysis o f the study area was to look 
fo r  more evidence fo r  the proposed Proterozoic fa u l t  zones. Id e a l ly ,  
blocks o f c ry s ta l l in e  basement v e r t ic a l ly  o f fs e t  near the fa u l t  zones 
would cause la te ra l changes in density and produce gentle, low f r e ­
quency g ra v ity  trends. High frequency anomalies re su lt  from shallower 
sources. This study examines regional trends, anomalous residual 
features, -and discusses in te rp re ta t io n  o f these features w ith respect 
to the proposed fa u l t  zones.
Gravity data were obtained from the U.S. Department o f Defense.
I hand-contoured Bouguer anomaly values at 5 m i l l ig a l  in te rva ls  over 
the study area and used a computer program to model a g ra v ity  p ro f i le  
over the area. Density contrasts are based on values published by 
Davis and others (1963) and Harrison and others (1980).
A generalized geologic map and Bouguer g ra v ity  map are shown in 
Figures 15 and 16. Major s truc tu ra l features include: 1) the Eldorado
and re lated thrusts  (York, Trout Creek, and Wolf Creek th ru s ts ) ,
2) the exposed Paleozoic rocks north and east o f the Scout Camp 
th ru s t ,  3) the Helena and Townsend Valleys, and 4) the Boulder batho- 
l i t h  and other Cretaceous in trus ives .
The l im ited  a v a i la b i l i t y  of g rav ity  data beyond the study area 
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Figure 15. Generalized geologic map o f  the study area. See 
f igure  4 fo r  compilat ion index.
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Figure 16. Bouguer gravity map o f the study area. Contours
at 5 mgal. Cross-section in figure 17 from A to A'.
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determined the regional trend near Helena to be a southwest-dipping 
plane which varies no more than 5 m i l l ig a ls  through the study area. 
Therefore, regional g rav ity  was ignored because o f i t s  ne g lig ib le  
e f fe c t  over the study area.
The higher frequency anomalies are well correlated w ith  local 
geology. The Eldorado and re la ted thrusts are re flec ted  by a re la t iv e ly  
high ridge which follows the th ru s t 's  north-northwesterly trend.
Gravity lows with amplitudes o f 20 to 25 m i l l ig a ls  coincide w ith the 
Helena and Townsend Valleys and th e i r  low density f i l l  (about 2.4 
g/cm3). The Boulder ba tho li th  and s a te l l i t e  quartz monzonite in -  
trusives also show up as g ra v ity  lows because o f th e i r  negative density 
contrast w ith Belt rocks. Belt rocks generally coincide w ith  higher 
g rav ity  readings than the Paleozoic rocks so tha t the g ra v ity  low 
s ituated ju s t  south and west o f the Scout Camp th rus t and east o f the 
Eldorado th rus t requires fu r th e r  explanation.
Figure 17 shows the observed g rav ity  and calculated anomalies from 
A to A1 on Figure 16, a subsurface s tructure map and assumed density 
contrasts. In the cross-section, the g rav ity  low over the Helena 
Valley is  best modelled using a -0.4 g/cm3 density contrast w ith 
surrounding Belt rocks. Using th is  model, basin f i l l  approximates 
2000 meters th ic k ,  in  good agreement w ith values of 1800 meters 
obtained by Davis and others (1963). The g ra v ity  high to the east of 
Helena Valley may be explained by Belt rocks ramped over Belt rocks.
Belt rocks also crop out immediately east o f the York and associated 






ACROSS A -  A '
A







0 10 20 25 3 0 35  km.
- 0.4
BELTe
A p = - 0.15Quaternary Valley Fill ROCKS
Paleozoic Rocks
DENSITY VALUES
Quat ernary  rocks 2 . 4 0
Pal eo zoi c  rocks 2 . 6 5
Bel t  rocks 2 . 8 0
Figure 17. Observed and calculated g rav ity  anomalies from A to A' 
w ith model and densities used given below.
Observed gravity --------
Ca lcu la ted  gravity © ©
37
east, Paleozoic rocks are exposed along the Scout Camp th ru s t ,  and 
generally cover the northeastern corner o f the study area. The 
anomalous g rav ity  low over the Belt rocks south of the Scout Camp 
th rus t may best be explained by Belt rocks th rus t over Paleozoic 
rocks. A g rav ity  model which places a lower density slab beneath 
Belt rocks in between the Eldorado and Scout Camp thrusts  adequately 
accounts fo r  the observed g ra v ity  low. As shown in  Figure 17, the low 
density slab is f l a t - l y in g  and near the surface.
The high frequency g ra v ity  data o f th is  study are well explained by 
near surface geology, such as basin f i l l ,  in trus ive  stocks, and major 
th rus t fa u l ts .  C rys ta ll in e  basement can not be delineated because 
the maximum anomaly expected over the u p l i f te d  basement block would be 
10 to 12 m i l l ig a ls  (using +0.1 g/cm3 density contrast a t 2400 meters 
depth). Near surface structures produce anomalies w ith  amplitudes of 
20 to 25 m i l l ig a ls  which might mask lower amplitude anomalies. However, 
i t  is  reasonable to discuss the possible control o f near surface 
structures by deeper structures. Several workers note changes in  
tecton ic s ty le  around the area marked by the in te rsec tion  o f Winston's 
(1982 ms.) Greenhorn and Townsend l ines .
Major thrusts w ith in  the Helena embayment steepen and curve west­
ward as they approach the Greenhorn l in e  (Reynolds, 1978) and pass 
in to  le f t - la te r a l  s t r ik e  s l ip  fa u lts  north o f the l in e  (B irkh o ltz ,
1967; Bregman, 1976; Woodward, 1981; Fig. 18). The Eldorado th rus t 
also s h i f ts  westward north o f the Greenhorn l in e .  Bregman (1971, 1976) 
noticed tha t the th rus t changed from high-angle imbricate s lices north
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of the Helena embayment to a s ing le , low-angle slab near the Greenhorn 
l in e .  He concluded tha t the imbricate thrusts north o f the l in e  
resulted from buttressing by the c ry s ta l l in e  basement. South o f the 
l in e ,  where no s im ila r  buttressing e x is ts , the th ru s t  was able to r ide  
at a low angle in to  the Helena embayment (F ig. 18). The most s ig ­
n i f ic a n t  f ind ing  o f th is  g ra v ity  study supports the hypothesis o f low- 
angle, s ing le sheet th rus ting  in  the Helena embayment. Presumably,
Belt rocks moved over nearly f l a t - l y in g  Paleozoic rocks as a single 
sheet w ithout the buttressing e f fe c t  from a c ry s ta l l in e  basement 
block.
The g rav ity  part o f th is  study did not prompt any new conclusions 
about crusta l or near surface s truc tu re . Also in  p a rt ,  because o f 
l im ited  data outside the study area, there are no ind ica tions of "deep" 
basement o ffse ts  in the data. However, they do suggest a change in the 
tecton ic  s ty le  o f the eastern th rus t be lt  near Helena, which might 
represent a change in  deeper crustal con figura tion .
Figure 18. Map showing change in o r ie n ta t ion  o f the Eldorado th rus t 
near the Greenhorn l ine  o f Winston and others (1982 MS).
CHAPTER V 
CONCLUSIONS
The s tra tig raphy and sedimentary structures o f the Greyson- 
Spokane tra n s i t io n  sequence re f le c t  sedimentation in the in te r t id a l  
to subtidal zone o f a shallow, f l a t  she lf.  Rocks in  the t ra n s i t io n  
sequence record an overall marine regression including four regressive- 
transgressive cycles. The four cycles define the t ra n s i t io n  sequence 
and are well correlated across the four measured sections. The 
occurrence of both horizonta lly-lam inated f in e  sand beds and h o r i ­
zonta lly-lam inated coarse sand beds suggests two source areas. Sheet- 
wash and f lu v ia l  deposits which occur in the Upper Middle Spokane 
Formation (Whipple, 1980) probably represent the source fo r  the 
abundant f in e  sand f ra c t io n .  Varia tion in  sediment input from th is  
source may explain changes in the proportion o f f ine  sand to s i l t  and 
clay size material throughout the Greyson-Spokane t ra n s i t io n  sequence. 
Coarse sand, possibly re f le c t in g  a d i f fe re n t  source, may have been 
brought in by longshore currents.
Gravity data in the area encompassing the measured sections 
generally re f le c t  near surface geology and s truc tu re . An anomalous 
g ra v ity  low over Belt rocks on the upper p late o f the Scout Camp 
th rus t may be modelled by placing a th in  slab of Belt rocks over a 
nearly horizontal block o f lower density , Paleozoic rocks. These 
resu lts  suggest tha t the Scout Camp th rus t is  a low-angle, s ingle
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sheet th ru s t,  and agree with Bregman's (1971, 1976) conclusions about 
the Eldorado th rus t to the west.
Evidence fo r  Proterozoic fa u l t  zones from the data in th is  thesis 
is  s im ila r  to data used by Winston and others (1982 ms.). Their 
primary evidence consists o f s tra t ig ra p h ic  thickness changes and 
d i f fe re n t ia l  th rus ting  response across th e i r  proposed l in e s . North 
o f the Greenhorn l in e  and east o f the Townsend l in e ,  the Greyson- 
Spokane t ra n s i t io n  sequence is approximately 100 meters th ick .  South 
o f the Greenhorn l in e ,  in the Helena embayment, the sequence is  220 
meters th ick . Since the measured sections are located on two d i f fe re n t  
th rus t p la tes, only sections on the same p la te  may be correlated with 
known distance between them. Some reconstruction is  necessary to 
compare sections across the Eldorado th ru s t .  Several estimates o f 
shortening from the Idaho-Wyoming and Canadian th ru s t  be lts  f a l l  very 
close to 50 percent (Royce and others, 1975). The Trout Creek (120 
meters) and Spokane H i l ls  (240 meters) sections l i e  on opposite sides 
o f the Eldorado th ru s t approximately 10 kilometers apart. Using the 
50 percent shortening value, the minimum distance between two sections 
which straddle the Greenhorn l ine  increases to 20 kilometers. This 
displacement value agrees f a i r l y  well w ith Bregman's (1971) estimate 
o f 16.9 kilometers. A s l ig h t  thickness change south o f the Greenhorn 
l in e  may suggest a higher rate o f subsidence however, evidence fo r  
fa u l t in g  seems weak.
An additiona l conclusion drawn from th is  study is  the suggestion 
fo r  a mappable contact between the Greyson and Spokane Formation.
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Previous workers used the f i r s t  appearance of red co lo r in the rocks 
fo r  the contact (Mertie and others, 1951; Durham, 1972). The lowest 
red beds vary in s tra t ig ra p h ic  level from section to section in  the 
t ra n s i t io n  sequence. A change in  primary sedimentary features ra ther 
than secondary diagenetic features would be more c le a r ly  definable 
and consistent. For th is  reason, I propose tha t the contact be drawn 
a t the top o f the la s t  calcareous microlaminated couplet sequence.
This would reduce the confusion caused by the i r re g u la r  diagenetic red 
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Located in Section 15, T .14 N ., R.4 W.
(2.8 miles south on 1-15 from Wolf Creek, Montana)
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BEAVER CREEK SECTION
Located in Section 11, T .12 N ., R.2 W. 





Located in Section 9, T .11 N ., R.2 W.
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SPOKANE HILLS SECTION
Located in  Section 12, T. 10 N. , R.2 W. 
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'cloÔ '-j CTû crtr̂ >, s<jsr*x ca5.c-lc Cft££-A j £-fro»«Ats^or^s i i \4i-ta
f̂ cl̂ rw ( ViU-j SavmJ'-
■3-=!—^ r
- ■ • - ' ' )
i
90
S P o c ^ m £  I V t L L S  £ < c C T  10^  -  ? , J S
V* -   ̂ COnfi.CTi-5,
i»w _£. b v . t - c r 9 - p  '̂ srJC'j-A 'o-ujc \0*C% 'UTA t l  IA .J i  J  4
 j v > j c u f ^ _2-?*? r**.4y/ &_ ĵV<Xy<!_giĵ ~-<a*/n iMc. _
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47.  2 1 3 3 - 12.  o 46 i 2 1 9 5 . 1 9 3 0 2 4 7 26 98 40 - 1 4 7 . 1 0
4 7 . 2 1 6 7 - 1 2 . 1 1 1 7 12* 5 .  3 9 8 ) 4  3 V- 97 - l b .3) - 1 5 1 . 3 ,
4 7 . 2 1 8 7 - 1 2.  47 6 0 1 3o 5 . 7 9 5 . 3  0" 66 6 a 2 9 - 1 4 7 .  4;;
47.  2 2 v 3 - 12.  6 9 6 7 2 3 1 9 . 7 9 30 211 74 11 5 90 - 1 4 5 , 6 ;
4 7 . 2 2 9 7 - 1 2 .  96 49 23 ■'•4.5 9 3 0 2' 2 9 4 9 4 20 - 1 5  3 .  50
47.  2 2 22 - 1 2 . 2 2 6 7 127 8 . 7 9 8 C 42 4 '■•1 - 1 3* - I  14.  40-
47.  2 2 2 2 - . 1 * •  S 43 * 233 0 .5 9 6 0 2 , 6 79 i t  5 9 7 - 1 5  4.  79
47 .  2 2 3  * - 1 2 .  ► 3 7 8 1 o o d . 3 9 3 42 6 2 36 7 ;, - 1 4 7 .  9.:
47.  2 2 3 2 - 12 . - 61 33 * 6 3 1 ,  * 9 8 0 1 5  9 39 126 5 ) - 1 6  8 .  d -v
47.  2 2 45 - 12.  7 63 3 2 5 4 5 . 3 9 80 1 0 4 57 129 50 - 1 5  4. 80
4 7 . 2 * 5 7 - 1 2 . C 87 3 1 2 1 6 . 9 9 H i  42 8 3 3 - 1 5 9C - 1 5 2 . 1 0
4 7 .  2 267 - 1 2 . 5 6 5 ) 2 1 9 9 . 7 98 0 2 * 5 74 38 10 - 1 5 7 . 6C
4 7.  2 27C - 1 2 .  3 2u 5 243 o . 4 9UC131 34 118 J v - 1 5  9.  4v
4 7 . 2 2 3 9 - 1 2 . 6 3 1 5 * 2 5 1 .  2 9 80 218 34 9 3 CO - 1 5  8 . 7 1
4 7 . 2 3 v 8 - 1 2 .  3 2 5 * 136 3 . ' 9 3«) 4'/ 7 9 8 7 8 0 - 1 1 4 .  7 C
4 7 . * 3 1 5 • 1 2 .  47 9 7 i 5 o 5 . 9 8 0 36 5 -t 6 33 3 0 - 1 4 3 .  40
47 .  * 3 5 2 - 12.  6 43 3 2 1 5 5 . 9 9 8v 2 41 59 85 7C - 1 5 5 . 3 0
4 7 . 2 3 8 6 - 1 2 .  4 2 2 7 2 1 7 1 . ' ; 9 8 ^ 2 2 3 3.) 77 7 0 - 15 *5 .  v)
4 7 .  2 42 3 - 12.  6 5 3 3 2 * 6  8 . 6 9 b 0 *  5 6 56 35 50 - 1 5 7 .  3 y
47.  2 457 - 12.  3^1  * 136 8 . 1 9 60 406 91 6 9 v - 1 4 6 .  1 ,
4 7.  2 46 5 - 1 2 . 3 1 1 3 2 35 7 . 6 9 862 7 4 o 9 l i J J C — v. 5 a • 6 _
4 7.  2 467 - 1 2 . * 2 5 1 1 2 7 2 .  2 9 8 ) 4 2 5 77 -  2 5 £ - 1 4 5 . 1 0
47.  * 4 7 3 - 1 2 .  7 4 5 2 2 5 9 9 . 9 9 8 0 1 4 4 55 1 24 5 v - 1 6 6 , 2  .
4 7 .  2 43 * - 1 2.  76 5 w 24 49.0 9 8 0 1 6 6 6 7 102 ?; V - 1 7 1 .  9.
4 7 .  2 488 - 1 2 . 9 do 5 1 9 1 3 .  1 6 8 7 * 7 4 9 7 44 3C - 1 7  6.  1 )
47 .  2 5 5 3 - 12.  * * 2 7 1 28 4. 7 9 3 ’ 4 * 4 49 - 2 )•; - : 4 5 . 8 0
4 7 . 2 63c - 1 2 .  *6 2 3 1 4 6 7 . 6 98 ' 3 7 6 ‘ 3 7 I  0 - 1 5 b . <90
4 7 .  2 6 5 j - 1 2 .  0 46 7 1 o 3 9.  S 9 3 : 3 6 * 96 35 1 ) - 1  18. 2-.
47.  2 667 - 12.  8 7 1 7 2 5 1 7 .  6 9 8 7 17 4 27 127 1 7 - 1 5  4.  49
4 7 . 2 6 6 7 - 1 2 . 9 0 3  3 22 5 5 . 5 9 8 ) 2 1 5 34 91 6v - l b :' .  K
47.  2 6 6 7 - 1 2 . 9 8 8 3 18 2 5 . 4 9 6* 2 93 6 8 37 9 v - l b  6.  10
47. 27 0 : - 12.  6 7 5 ) 1 4 . 7 5 c ' 2 7 5 19 12 3 0 - 1 5  7 . 4 -
4 7 . 2 7 1 7 - i * . b 3 3 J 2 7  : .  l 9 " 1 6 7 51 3: 4 0- - 1 7  7 .  1
4 7.  * / 3 a - 1 2 . 3 4 6 3 7: 9  2 • 1 8 8 0 * 6 1 "d 0- w - 1 5 1 .  ' * .
4 7.  27 3 3 - 1 2 . 9  4 5 j 2 4-9 7 ... 9 6 0 1 3 ' 66 96 4 ; -  17 .  4 n
4 7 .  2 7 3  * - 1 2 . 6 3 5 1 22 4 0 .  3 9 6 '. 2 2 * 98 95 4 9 -  lb 5 . a.
4 7 . 2 7 6 5 - 1 * • T  Cii / 14 3 5.  b 3 37 “ 6 3 7y - 1 5  4. o ’O
97
4 7 .  * 7 6  b - 1 1 2 .  3 6w. 6 * -t 2 j * 3 y a ' 3 9 - . 49 0 7 3 - 1 5 7 .  4*,
4 7 .  2 78  3 - 1  12.  7 2 4 : 2 J  -■ 6 .  6 98 42 • 9 58 1 1,6 7 0 - l b  3 . 7 0
4 7 . 2 8 C 5 - 1 1 2 ,  1 o 6 ) 1 4 2 4 . 7 4 d C 3 3 3 48 ■> oO - 1 5  6 . 5 :
4 7 . 2  d 3 J - 1 1 2 .  5 517 22 9 0 . 7 9 3 02 2 3 63 66 81 - 1 7 9 . or
4 7 .  2d51. - 1 1 2 . 5 1 3 3 1 5 5 4 . 5 9 6 03 66 27 ~i ■> * * 30 - 1 5 1 .  59
4 7 .  2 B 3 3 - 1 1 2 . 1 5 8 3 127 3 . C 9 8 0 4 2 3 72 - 7 3 3 - 1 5  0.  o v
47.  2 *£'.' - 1 1 2 . 1 6 0  6 1 2 o 5 , 3 9 80 42 4 3 7 - 1 1 r,; - 1 5 2 . 7 ;
4 7 .  290' - - 1 1 2 . 0 1 5 * 2 1 9 3 . 5 9 6 0 2 3 6 43 ■35 7 ; - 1 5 7 . i :
4 7 .  2 927 - 1 1 2 .  l o 6 7 1 2 7 1 . 9 9 8C 423 74 - K 1 V - 1 5  2.  4*.
4 7 .  2 9 3 3 - 1 1 " .  7 4 6 7 218 0 . 3 9 8 y 2 3 S 41 ■3 5 c : - 1 5 8 .
4 7 . 2 9 3 3 - 1 1 2 , 7 9 1 7 2 4 v 5 . 7 9 6019-5 17 111 i ; - i a 7 . y ;
47 .  * 9 3 3 - 1 1 2 . 9 7 1 7 196 : . 4 9 80 281 62 6C i : - 1 5 9 .  l v
4 7 ,  2 9 5 v* -  11 2. 6 6 37 2 i 7 o . t 9 8 v, 2 5 6 8 5 83 9 : - 1 5 9 . 5 .
4 7 . 3 t » 5 f - 1 1 2 .  R' o7 261 ' , d 9 dO141 5 9 119 7 v - 1 7 2 .  2 ;
4 7.  3 u 6 3 - 1 1 2 .  4 1 1 6 1 4 7 9 . 7 9 3 ; 3 9 5 b l l 9 : -  15 4.  6v
4 7.  3 9 9 2 - jl12.  2 5 6 5 13 4 1 .  3 9 5 0 4 13 99 c o - 1 5 0 . 7 :
4 7 . 3 1 j C - 1 1 2 , b b67 2 6 1 5 . 1 9 3 •" 141 42 124 s : - 1 7 2 .
4 7 . 3 1 0  3 —1 1 2 ,  4 2 33 2 5 7 6 . 4 4 8 :j  146 5 v 113 6C - 1 7  4.  5 ,
4 7 • 3 1 vo - 1  12,  6 456 261 / . 6 9« ? 1 50 9 I « 4. C 5 , -1 5 3.  r' .
4 7 . 3 1 1 3 I i ( 1 y 8 5 12 3 9 .  9 9 6 4 3 3 0 5 - 1 2 3 0 - 1 5 1 .  1 '
4 7 . 3 1 3 3 - 1 1 2 .  7 5 ;  i 2 1 8 9 . 9 9 6 : 2 3 7 57 8 5 : -  1 5 9 . 6  .
47.  3 1 3 3 - 1 1  2. 333 1 2 o 3 5 . y 9 8 0!  12 74 127 6 2 -  1 57 .  1:
4 7 .  3.13 3 - 1 1 2 ,  47 5 2 1 4 b 7 . 4 9 6 0 3 7 7 65 o 3 :• - 1 5 8 .  a ;•
4 7 . 3 1 5 1 - 1 1 2 . 7 1 1 7 1 7 5 8 . 7 98.73 31 76 •16 i : - 1 5  9 . 5 ;
47.  3 1 5 1 - 1 1 2 .  7 AtO 2 * o 9 .  3 96*. 2 3 8 3 3 79 “X * - 1 6  3.  2 .
4 7 .  3 1 6 3 - 1 1 2 . i  y 5d 12 5 5 . 5 y 3 v 4 2 9 34 *  .Li 7 C - 1 5  2.  2
4 7 . 3  133 - 1 1 2 .  9 ' 1 7 i  « 3*6 117 6 5v 92 :0 - 1 7 7 .  4 '
4 7.  3 2 1 7 - 1 1 2 .  7 d 3 3 16 9 2 . 3 9 80 265 37 51 3  V -  1 -t r* 1*  - s> * i. w
4 7 . 3 2 1 7 - 1 1 2 . 3 1 5 1 22 3 4 • 5 9 6 v 2 , 3 95 ro t> -  1 5 5 .  b;
4 7.  3 2 6 2 -  i  1 j. , I 4i> 7 1 8 2 5 .  “ 4 8 '  3 rU f  6 1 5  3 - 1 5 7 .  c .
4 7 . 3 2 7 5 - 1 1 2 . 3 6 5 6 136 3 . 7 9 d ,■ 4 2 2 6 i 2* - 1 5  - t .  :  ,
47.  3 2 8 5 - 1 1 2 .  2 2 3 3 1 x 9 C . 1 9 6 ' 4 2 2 ' . ' V -  9 40 - 1 5 3 . 6 *
4 7 . 3 3 1 3 - 1 1 2 . 7 2 9 / 1 7 9 7 . 1 4  8 - 3 2 - 1 21 4 4 9  ) - 1 5 6 .  I.'
4 7 . 3 3 1 7 - 1 1 1 . 6 7 67 2 7 A 3 .  3 9 6  0 1 1 9 0 7 124 4  v - 1 7  8 .  71'
47 .  3d 3C - 1 1 2 .  46 5 2 1 4 6 ' . ,  2 9 80 3 8 3 2 7 ■ j 8  y - 1 5  9. 5 ;
4 7 . 3 3  3 3 - 1 1 2 .  7 7 1 7 2 3 1 2 . 2 9 6 v 2 5 9 3 30J 3 ) - 1 5 9 .  2,
47.  3 3 3 3 - i l l . 3 3 3 3 2 8 9 3 .  2 9 6 018 1 9  1 101 - 1 7 7 . d '
47.  3 3 4 3 - 1 1 2 .  5 64 5 15*: 9 .  ;• 980 3 57 41 2 9  0 -  16 5.  9  ,
4 7 .  3  3 5  0 - 1 1 2 .  2 1 8 3 1 3 - b . 7 9 60 4 2- 7 7 — o ■7 v - l b  2 . 3
4 7 . 3 3  57 - 1 1 2 . 7 1 3 3 2 1 3 6 . 9 9 8 C 2 5 6 16 79 3 C - 1 5 9 .  65
47.  3 3 5 6 — i l l .  3 6 v  d 1 3 8 5 .  9 9 do 4 * 2 53 -O' l v - 1 5  5 . O v
4 7 . 3 3 6 7 - 1 1 2 . 7 7 " 3 2 3 7 6 . 2 9 8 0 1 9 6 29 9 9 1 0 -  16 6 ,  6 .
4 7 . 3 4 1 7 - 1 1 2 . 7 d 57 1 9 8 6 . 4 9 d • ;  I  3  4 2  6 6 6 4 9 - 1 5 5 . 7 ?
4 7 . 3 4 1 7 - 1 1 2 . 9 1 : ) 2 7 6 7 . 5 9 5 0 C 9 o 62 127 3  V - 1 3 9 . 5 .
4 7 . 3 4 3 3 - 1 1 2 . 6 1 3  3 2 3 4 2 . 6 9b-0 2 0 8 19 i c r - 1 5  1 . 9 :
4 7 . 3  45" - 1 1 2 . 3 9 1 7 25 3-2.1 9 8 ' 1 5 4 42 1 0 4 0 0 - 1 7  8 .  9C
4 7 .  3 4 5 5 - 1 1 2 . 3 3 5 7 1 3 b v . 9 9 8 *-40 9 46 - i 72 - 1 5  3.  9-
4 7 .  3 467 - 1 1 2 . 6 8 3 3 a 33 6 . 4 9 8 : 3 1 2 t i l 43 20 - 1 5 7 . 1 "
4 7 . 3  4 b 7 - 1 1 2 .  3 15 2 * 3 5 6 . 4 9 5 ; * . ' " 77 9 6 6  9 - 1 6  6.  9o
4 7 .  3 467 - 1 1 2 .  9 33 3 2 5 b 1.  7 98*1152 t9 1 * 7 ^ V - 1 7 “ . 80
4 7 .  3 5 3 3 - 1 1 2 .  485 3 1 - t l 3.  4 9 8 : 3  32 37 -  3 3 C -  1 5 1 .  3;
4 7.  3 5 9 2 - 1 1 2 . 5 2 1 7 1 4 2 5 . 8 9bC38b 51 - 3 8 0 - 1 5 3 . ■»■:
47 .  5 6 1 7 - 1 1 2 .  8 5 1 0 * 4 9 1 .  1 9 8 0 1 67 61 133 b y - 1 7  4.  yv
4 7 . 3 6 2 7 - 1 1 2 .  2 66 7 1 3 4 1 . 8 9 3*3 411 6 3 - 6 7 3 - 1 5 6 .  9v
4 7 . 3 d 3 3 - 1 1 2 .  5  < 1 7 15 3 7 . 7 9 8 0  3 6 5 2 9 7 4 C — i  6  4 .  r j
47.  3 b 1 2 - 1 1 2 .  1 5 0 8 12 5 2 . 9 4 6 v 4 3 7 29 — 6 6 0 - 1 4 9 .  1 .
47.  3 6 5 1 - 1 1 2 . 1 2 5 ; 2 4 6 4 .1 9  8  1170. : ' IJ .l-~ J 6  ; - 1 7  4.  2:
47 .  j  b 8 5 - 1 1 2 .  7 61 J 2 4 1 8 . 8 9 8 v  1 S 6 1 9 l 'Ol "i * . - 1 6 9 . 2 .
47.  3 7 0 5 - 1 1 2 .  998 2 137 7 . 7 3 8 3 4'.* 3 17 - 6 O 0 - 1 5 9 . 1 *
4 7 . 3 7 2 2 - 1 1 2 .  4*t7 7 1 3 7 5 .  3 9 6 4  4 , 3 4 8 - d d v - 1 5  4 ,  0 .
47.  3 7 3 5 - 1 1 2 .  52 6 7 * d 7 0 . 7 ; 8 v 3 5 5 *  4 d i> W - 1 5  8 .  2.
4 7 . 3 7 6 7 - 1 1 2 . 6 5 6  3 2 47 8 .  y 9 6 0 16 8 6 -1 0 0 0 ; - 1 7  7 .  5
47.  3 7 3  J - 1 1 2 . 2 9 3 3 1 3 6 ; • 6 4 6 - t i l : 7 — j i ■** v - 1 5  5 .  3 r
47.  37 8 3 - 1 1 * . * 9  5 9 L 2 9 1. 1 4 6 0 42 5 4 2 — i  J 2 ; -  1 5  4 •  6  ■
4 7 .  3b ,d' - 1 1 2 .  39. ; : 1 3 5  2 . 1 i  5 ✓ -tl " 6 9 - n J  •; - 1 6  7 .  ‘,v
4 7 . 3  8 22 - 1 1 2 . 1 2 3 5 1 j  5 2 .  " 3 o  ;  t 9 ;  * - 7 2  3 - 1 5  3 . 5 :
98
47. 3b 43 - 1 1 7 .  .148 9 1 3 5 9 . 7 9 8 ' 4 , 0 37 -H 6 0 - l b  0 . 6 0
4 7 . 3b 3 3 - 1 1 2 .  9 217 - 3 4v . 7 9 8 210 5 7 4 ■06 3'. - L d O . W
47. 39 vC - 1 1 2 .  77 ;  v 24 8 2 . 6 9 8 j 17 2 f y 19 2 9 0 - r 7  4. / :
47. 3 9 1 3 - 1 1 2 . 1 5 9  2 1 2 6 2 .  4 9 o C 42 4 41 - 1 5 10 -  15 8 • 6 !:<
47 . 3 9 1 7 - 1 1 2 .  5 46  7 1 0 7 7 . 3 9 4 V 3 35 36 13 l y - 1 3  9 .  4*
47 . 2 9 5 8 - 1 1 2 .  6 2 9 7 15 3 9 . 9 9 00 3 64 2 6 3 i : - 1 5 3 .  5v
47. 3 9 6 7 - 1  12.  8 4 3 3 1 7 7 7 . 3 4 0 7 317 t3 23 1 c - 1 5  9.  92
47. 3 9 9 7 - 1 1 2 .  3 2 3b 1297 . : 9 0.; t 22 31 — - 'J *t.' - 1 5 8 .  50
47. 4->17 - 1 1 2 .  7 9 6 7 147 4.  9 9 6 5 1 7 1 So 78 9 C - 1 7  7 . SO
47. 4 ” 17 - 1  L2. 9 4 3 3 2 4 2 5 . 3 9 8 0 1 7  4 9v 87 - 1 3  4, 20
4 7 . 4J5' - - 1 1  2.  5 9 5 7 14 4 7 . 4 9 5 1 3 7  4 12 -  0 - 1 5  9 .  7 ;
4 7 . 47 60 - x ! 2 . 3 9 2 5 128 9 .  3 4 01 42z 8 3 - 1 5 8 0 - 1 5  0 .  10
47. 49 67 - 1 1 2 .  7 5 5  0 1 6 9 7 . 7 o>8>; 3 36 94 24 U -  L 5 5.  7"
47. 410 3 - 1 1 2 . 7 4 8 3 1 3 7 1 , 2 9 80 3 65 14 .16 "•0 - 1 5  9.  v;
47 . 411?. - 1 1 2 . 1 3 1 5 119 3 .  3 9 8 C 4 4 5 6 7 - 2 1 b i j - 1 5  5 .  70
47. 4136 - 1 1 2 .  5 7 8 ^ 1 4 8 7 . 3 7 9 6 3 7 5 33 — 2 l j -  15 9 .  20
4 7 . 4 1 3 3 - 1 1 2 . 9 2 ' ^ 2 4 0 5 . " 9 8 0 1 6 7 77 7 7 5C -  1 3 6 ,  40
4 7 . 4 1 6  8 — a 4 ^ . i. o / 2 12 3 9 . . 9 0 1 4 3 5 80 - 1 9 4 j -  15 5.
4 7 . 41.97 - 1 . 1 2 .  2 6 6 3 1 2 3 0 . 4 906 4 36 11 - 2  7 '•r V - 1 5  8.  4 -
47. 42 09 - 1 1 2 .  7 66 7 17 4 0 .  9 9 5 I 322 4 v 34 0 * i - 1 5  5.?; 0
4 7 . 4 2 1 7 - 1 1  2.  6t>(- >) 1 7 3 1 . 6 9 8 7 3 2 5 42 21 •i - 1 7 2 . 1 ,
47. 4 2 2 3 - 1 1  2.  46 4C 1 3 1 1 . 9 9 0 2 4 1 5 07 - 1 7 s; - 1 6  4.  27
4 7. 4 2 3 3 - 1 1 2 .  3 417 1 27 d . 3 9 BC43C 14 - 1 4 3 0 - 1 5  7 .  1 C
47. 4 2 3 2 - 1  12.  3 951 1 7 4 7 . 1 9 4 1 3  27 59 21 DO - 1 7  3. 8k
47. 425  0 - 1 1 2 .  47 50 1 3 1 2 .  3 90 0 414 17 - 1 8 9 C - 1 6  5 . 6 0
47. 4 /  5v - 1 1 2 .  5 55  0 1 3 5 7 . 3 9 8 v 4 «0 v 6 - 1 9 3 6 -  1 7 1 . 2 0
47. 4 2 5 ’,' - 1 1 2 . 6 3 3 3 1 3 4 6 .  8 9 41 3 q 5 36 — 1 4 7 0 - 1 7 C .  U
4 7 . 425. ' - 1 1 2 . 8 7 1 7 2 2 4 1 . 5 96 7 21b 58 72 o t - 1 7 8 . 7 ;
47. 4 2 5 3 - 1 1 2 .  3 1 4 2 237 ' .  1 9 6 0 1 9 2 02 05 8 0' - 1 7  9 .  3.
4 7 . 43 36 - 1 1 2 . 0 7 6 7 152 5 . 3 9 8''. 37 8 67 1'' 6 . - I S  9 .  9 0
47 . 43 38 - 1 1 2 . 1 3 3 3 U 7  5 . : 9 40 4 5 ! 6 0 - 2 4 6 0 - 1 5  6 .  10
47. 4 3 4 7 — 1 1 2 .  863 3 177 9 .  i 98.'. 3 24 61 3 4 3 ; - L b  4. .6'
4 7 . 43 3 8 — 1 1 2 . . 5 0 J 1 1 7 3 . 9 9 0 345 7 3 4 - 1 7 9 0 -  1 4 9 .  3,
4 7 . 4 39 2 -  1 12.  4 5 8 3 1301 . 3 96 v 415 28 - 1 9 SO - 1 6 5 .  40
4 7. 4 4 Vr. - 1 1 2 .  5 2 3 3 1 3 1 0 . 3 900 414 73 - 1 0 0 V - 1 3  5.  5 „
47. 4 4 1 7 - 1 1 2 . 3 4 5  J 1 2 9 1 . 1 9 8.; 4 jo ■ 1 - 1 1 2 ? - 1 5  5 . 6 '
47. 4 427 - 1 1 2 . 5 2 6 3 13 2 2 . 3 9 4 7 ^ 1 3 17 - 1 0 50 -  1 6 6 .  s :
4 7 . 4 4 7 3 - 1 1 2 . 8 2 0 5 172 3 . 3 4 80 3 31 02 23 3 V -  1 3 9 . 5„
47. 4 4 8 3 - 1 1 2 .  8 1 6 7 1 7 4 4 .  i 9 40 3 31 75 29 6 v - 1 3  5 .  4v
4 7 . 4 4 3  3 - 1 1 2 .  9 1 3 3 1 7 1 2 . 1 98.* 3 3 - .5 6 1 9 50 - 1 7  2 .  9C
47. 4S07 - 1 1 2 .  9 90 0 2 4 7 2 .  2 9 0 . 1 6 6 :*... 97 20 - 1 8 6 . 2 *
47. 4 5 1 7 - 1 1 2 .  4 4 2 3 1 2 8 2 . 6 9 05 4 25 27 - 1 9 60 - 1 5 3 . 1 0
47 . 45 i ' 7 - 1 1 2 . 0 9 1 7 2 4 4 2 . 9 9 4 7 1 6 b 06 31 7 0 - 1 9 1 ,  h >
47 . 4 5 1 3 - 1 1 2 . 3 5 9 2 125 3 . 9 4 80 43 5 85 - 1 7 y o - 1 5  8 , 2 .
47. 4b3 2 - 1 1 2 . 8 9 1 7 2 4 6 2 , 5 u 0 <; 1 6 s 4 a 07 40 - 1 8 8 .  70
4 7 . 4 5 4 7 - 1 1 2 .  6 5 7 5 145 4 . 9 9 4*; 338 79 -  3 i : -  15 5 .  9 C
4 7. 465C - 1 1 2 .  8 5 5 1 2 1 1 5 . 3 9 4 0 2 5 1 05 63 50 - 1 7  3.  6 .
4 7 . 4 5 3 3 - 1 1 2 . 8 3 9 J 17 2 3 .  ) 93 2337 97 2 8 30 -  16 4, 3 0
4 7 . 96 0 3 - 1 1 2 .  ^95  3 23 4 7 . j 90 02 31 53 d 4 4 O' - 1 7  8 .  O-j
47. -X 6 3 3 -  i  12 .  8 / 3 3 16 7 v • 3 739 3 51 11 2 4 70 - 1 3 2 .  87
4 7 . 4 6 8 3 -  1 1 2 .  9-<83 * 3  3 9 . 4 9 8 1141 3 2 7 \ 5v - 1 3 9 . 2 1
4 7 . 4 6 9 3 - 1 1 2 . 5 9 3 0 13d 2 . 2 9 30 4 : 6 93 - 1 4 0 V - 1 6  9 .  •»:
47. 47 6 u - 1 1 2 .  2 5 7 2 12 3 0 . 8 9 8 v 442 92 — 16 3v - 1 5  5.  5 v
47. 4 7 1 7 - 1 1 2 .  925 v 1 6 o 9 . 3 9 8 v 3 3 4 49 7 8 ) - 1 7  9.  6;
47. 4 7 1 7 — 1 1 2 .  9 28 j 16 6 3 . 0 4 8 •' 0 j  0 6 > j 01 - 1 7  6.  o '
47. 47 3 3 - 1 1 2 .  0 6 4 3 16 8 9 • 2 9 0 . 3 4 6 b7 D 40 - 1 5 3 .  4 0
47. 47 5 M - 1 1 2 .  1167 125 5 . 2 9 0 3 4 0 6 .17 — 2 3 7 0 -  1 5 u . ii.
47. 48 - 1 1 2 .  17 v 8 131 ■. o 4 u ; 4 2 0 5 5 —  1 0 4. # - 1 6 4 .  30
47. 4 69  p - 112 . 3  4 1 : i 2 4 i . : 9 0 C 4 43 31 - 1 7 '4 ^ - 1 5  6.  7,
47. 49 3-. - 1 1 2 .  3 9 6 7 1 2 4 7 . 6 4 8 ■. 4 4 2 •4 - 1  8 10 - 1 6 7 . 3 '
47. 49 5 0 - 1 1 2 .  0 8 5 8 i 1 6 9 . 7 98 - 45b 7 6 -  2" 5 - - 1 5  3.  7 ‘
47. 49 51 - 1 1 2 .  438 3 10 2 2 . 3 9 8 0 3 6 7 . <. 10 i. V -  lb 5 .  3 *
47. 1 8  5 —  x 12 • I  -tl  o ; 772  461 58 _ ->• - 1 5  2 . 5 0
47. - i  1 2 .  1 117 0 . 5 6 ■* 4 6 2 7 - 2 : 7 0 *  1 "> 2 •
47. t . . T ~^  - U  i. - 1 1 2 .  1 2 v  7 1 1 5 9 . 7 9 b * 46 3 ■> -  2 3 4 - I j -t# 1 „■
47. 50 3 3 - 1 1 2 . 2  68 3 i i  / o .  i. 9 4 n 4 o ‘ 95 _  < — i  > i 0 - 18 . 2 .  <9.
99
4 7.  Sii5'- - 1 2.  2 39 3 1 1 6 1 . 5 9 4 ■) 4 o 6 27 — * '3 50’ - 1 4 6 .  5
4 7.  5 i>5‘; •  X . 2 . 2 5 o 7 1 1 6 7 . 2 4 8 v 461 *7 - 1 7 9 ') -  15 9.  dv
4 7 . 5 ) 5 j - 1 2.  9o5 3 2 5 9 2 . 1 9 8 : 1 5 3 2b 10 9 3 ) - 1 7 C ,  1*
4 7 . 5 0 5 2 - 1 2. 22 97 H 6 6 . 8 4 6 f- 4 6 2 28 - 2 3 i c - 1 5  3 .7. :
47.  5 1 6 7 ** X 2. 3 1 3  9 1 1 2 4 .  4 90 0 475 '* 3 - 2 3 6v - 1 4 9 .  4-.
4 7 . 5 ^ 7 5 — i 2 . 7 2 6 2 176 5 . 2 9 3 ) 3  37 0 2 35 \ - 1 6 1 .  8 ,
4 7 . 5 1 0 0 - 1 2.  30 3 3 1 1 9 4 . 8 0 6 ) 4 5 8 4 - 1 9 1C - 1 5  2 .  SO
4 7 . 5 1 1 7 - 1 2. 3 6 y u 12 3 5 . ; 9 8 I 449 52 - 1 5 4 ) - 1 5 3 .  6 -.
4 7 . 5 1 1 7 •  X 2 . 365  7 122 4 . 1 9 6 ' 449 6 o -  i o 4 ) - 1 8  5 . 4 *
4 7 . 5 1 3 3 - 1 2 . 368 0 2 23 5 . ; 9 80 43-. 37 - 1 4 6 v -  1 5 2 .  3 r
4 7 . 5 1 3 d - 1 2.  5^ 53 1 4 3 3 . 6 9 6 C 3 9 6 ■' 5 - 7 71 - 1 5  8 . 2:
47.  5 21 2 - 1 2. 3 6 0 3 125C . 9 9 8 3 4 5 1 12 — 8 5C - . 1 1 9 . 5 - '
4 7 . 5 2  35 _ 1 2 . 5b }9 I V*’ e . 2 9 6 4«. > 09 — 11 30 -  16 9.
4 7 . 5 2 3 3 - 1 2 . 4 5 7 3 1 2 7 6 , 3 9 8 C 4 3 7 13 - 1 6 0 y - 1 5  3 . 9 .
47.  5 ^ 4 2 •  X. 7. 9 1 8  3 1 56 9,  9 9 8 : 2  3 1 27 44 91 - 1 7 5 .  4 0
4 7 .  5 28 3 2.  45 3 3 127 3 . 1 483 4 49 0 7 — 14 b »- - 1 5 7 . 0
4 7 . 5 3 2 5 - I 2 . 7 5 5 4. 2 2 4 5 . 7 9 o 0 2 41 97 37 0 j - 1 6  4 . 2 1
47 .  53 68 - 1 2. 5 9 9 2 1 4 3 3 . : 98'. 3 q b 74 - 7 4 ) - 1 6 7 .  7 '
4 7 . 5  447 - 1 2 . 9  43 7 17 5 0 . 6 0 8 ,  J .. 2 2 Q 57 90’ - 1 6 1 . 3 :
4 7 . 5 4 6  8 Jt 2.  4 7 1 7 1 26 3.  5 9 30 441 8 b - 1 5 4 j - 1 8 7 . 5 1
4 7 . 5  46 3 - 1 2. 36 3 3 1 2 1 3 . i 9 8 ■) 45 6 z9 - 1 6 6.1 - 1 5  2.,4-.,
4 7 ,  5 5 7  G —’1 2 . 4 9 7  6 1 2 3 1 . 7 9 8 v 44C 16 — i  4 8 * -  1 5 8 . 2 1
4 7 .  5 5 8 7 — 1 2. 9 2 ) 5 152 4 . : 9 8 ) 3 7 7 71 - 2 31 - 1 7  2.  7
4 7 .  5 fc 5 w - i 2.  3 483 125 3 . 6 9 35 45 3 37 - 1 0 51 - 1 3 6 . 3 1
4 7 . 5 6 6 3 - 1 2.  9 3 9 7 15 4 9 . 5 9 8 2 31 6 1 j 35 8 ) - 1 7  3 , 1 0
4 7 , 5  667 - 1 2. 3 7 3 3  ̂2 2 4 • t 9 6 . 2 4 1 J? 76 71 -  17 2 .  0*
4 7 . 5  66 3 - 1 2.  2 j  5 2 1 26 0 .  3 9 b . 4 47 78 -  1 £ 73 1 ‘J 1 • 4 -
47,  5 3 1 3 J. 2.  >62  7 12. 3 . 7 G H 4 6 1 41 - 1 9 5 v - 1 5  4.  21
4 7 . 5 8 1 7 - 1 2.  3 J 1 5 133 4 . 1 9 30 415 6 -t - 4 3 ) -  150 . 21
4 7 . 5 6 1 7 - 1 2. 5^5C 13 3-1. 1 9 8 . 4 1 j •t? - 1 4 1 J -  1 b 7.
4 7 . 5  3 18 —1 X 2. 8 5 3 3 1 0 3 6 . 8 9 6 ) 2 9 7 46 ■13 3 3 - 1 7 3 . 1 0
4 7 .  5 8 6 5 - 1 2 . 1 5 5  3 1 3 1 9 .  3 9 j ' 4 3 7 7 j - 6 ■’ ; - 1 5  5.  n
4 7.  5 a 6 7 - 1 2. 9 92 1 2 5 b 5 . 3 °  4 2161 0 4 1 '• o 5 j - 1 8  2 . 7 .
4 7.  56 7'. — 1 2. 9 7 9 2 2 3 8 6 .  7 9 3 v 2 )  3 2 9 07 5 3 - 1 7  9 .  7 '
4 7 . 5 8 1 3 — J. 2.  5 7 4 >: 1 36 8 .  9 9 8 > 41 6 o7 -3.2 i_ - 1 6  5 .  3„
47 .  5 8 2 5 ^ , 2.  1 5 6 5 1 3 ) 1 . 5 9 6 v 4 41 73 - 1 3 DO - 1 5  5 .  6 2
47 ,  58 42 — i. 2, 2 41 7 135 3 . 9 9 3 ’- 43 5 70 - 0 1 y — 15 1.  6 ;
4 7 . 6  0 wo “ 1 2 . 2 4 1 2 13 4 9 . 9 9 6 0 4 3 8 29 40* -  1 5 , 4.
4 7 . 6 0 0 3 - 1 2.  5 51 o 19 2 5 . 7 0 6 . )3 O'3 60 4 b 71 - 1 7 1 .  71
4 7 .  6 0 1 3 - 1 2 .  9 417 2 2 2 5 . 9 9 80 23o 6 9 71 40 - 1 7 7 .  6..’
4 7 .  6 u 2 3 - 1 2 . 7 6 0 7 14 4 1 . 7 9 80 4 ) 7 76 - 1 6 y> -  16 2 . 9 v
4 7 . 6 0 2 8 - 1 2 . 9 0 6 8 212 3 • 8 9 0 : 2 5 7 * 1 55 <4 ^ - 1 7 9 .  41
4 7.  6 0 3 0 - 1 2 . 9 2 3 7 212 3 . 8 93,  265 -t9 66 5v - 1 7 1 . 1 0
47.  6-3 42 - 1 2. fcOo 8 1 3 2 2 . 5 9 8-1 4 2 8 97 - 1 7 30 -  16 5 .  3"
4 7 . 51wO _ 1 2 . 7  4;  C i  3 6 7 . : 9 3 A 4 2 2 o7 -  15 30 - 1 5 3 . 2 .
4 7.  6 1 3 2 - 1 2.  9 3 2 3 2 5 6 7 . 9 9 8 91 6 b 3 2 1 ) 5 5y - 1 3 1 . 8 1
47.  6 1 4  5 •  X 2. 7 92 3 1 4 4 1 . 7 98 0 4-' 9 53 — p 97 - 1 6 2 .  i ;
4 7 . 6 1 6 2 X 2. 66 ) 5 1 3 4 9 . 7 9 8 0 4 2 3 48 - l v 50 — 1 8 1 .  b>
4 7 . &167 ** X 2 . 0 2 1 7 1 3 3 2 .  3 9 8 0 4 2 3 27 - i o r- > - 1 6  5 . 1 0
4 7.  0 1 7 7 - 1 2. 6 * 5  3 1 3 6 1 .  3 9 3 0 4 2 6 4 3 - 9 1 if -  1 5 1 .  4 '.
4 7 . 6 1 9  2 - 1 2. 8 7 9 7 1 46 3. 9 8 ; 4 ”■ 3 01 3 0 - 1 6  4 . 9 '
4 7 .  6 203 - 1 2.  8 6 0 6 i  6 d C . 3 q 3 ‘ 353 9 4 21 4v - 1 6  6 . 5 *
4 7.  6 2 1 7 — 2.  27 83 13 4b .  4 9 J ) 4 4 5 67 6 71 - 1 4  4,.9w
4 7 .  6 22 7 - 1 2.  5 6 8 5 2 2 1 5 .  3 980 2 7 6 •34 7 ^ 9w -  1 b 3.  6'
4 7 . 6 2 3 b — i. 2.  7 37 3 i - i l  4.  3 9 8 * 4 1 5 r'4 - 3 7v - 1 6 1 .  7
4 7 , fc 2 67 — 1 2. ^68 3 1 3 4 2 .  3 j 6 <446 - ■> <. 3 7w - 1 4 b . 3 0
4 7 . 6 2 3  3 *  J. 2 .  4 6 2 5 i   ̂1 • I* 4 o "275 7 6 5 8 4v - 1 7 2 . 2 .
4 7 . 6  29 2 — 1 2. 5 ' 187 1 27 4.  . 9 8 ; -t 16 69 -  16 8 ) - 1 5 9 .  4-'
4 7 .  6 j v 2 - 1 2.  65 : 7 1 4 -17 , 3 9 8 ) 4 . 6 So o . - 1 5  4.  7.
47.  6 35 7 - 1 2. *. 5 6 7 1 1 5 2 . 1 9H ; 4 27 - 2 1 ■' -  15 ' ' .  2 '0
4 7 .  6 3 5 5 - 1 2 . 8 8 4 2 16 3 6 , 1 9 0 30 7 16 3 9 , -  ’ 8 7 . 9 /
47.  5 3 8 7 - 1 1 , o -t r> a 1 3 0 5 , “7 ■);J , 4 2 2 16 - 1 2 5 v -  25 c . 4 ..
47 .  6 37 2 -  i 2 . 6  3 3 3 13o . 1 ? 8 1-. 4 4 3 - 1  3 2 :* ” 1 5 5  . 4 *
47.  6 39 2 — 1 2. 8 -to ' 1 4 : - 1. ~ 4'- ’ 434 o 9 i v; 0 0 - 1 4 7 .
4 7 , 6  *6 0 - i I . * 3 6 j 1 -t : 1 • t 4 b : 4 2 4 6 7 I i - - 1 5  2.  o .
4 7 . 6  o v J -  i 2. 5 6 4 -j 1 - 9 8 21 2 1 52 3 , - 1 5  1. b*
100
47.  6 S i  5 - 1 1 2 . 6 5 2 3 1 7 7 6 .  . 96 .3*15 29 3 4 , 6  ) —", 5 1 . • J .
47.  6 S52 - 1 1 2 .  5 27 2 2 : 7 4 . 1 s* 8 •' *  7 7 31 5 8 . 3  : - 1 7  7.  '
47.  6 6 2 5 - 1 1 2 .  5 6 1 7 18 42.  ; 9 3 4 *  9 51 - 1 5 . 7 2 -  1 b 6 .  L C
47,  6 6 82 - 1 1 2 . 3 6 2 7 I  49 4 . 4 9 8 1 4v •,* 5b 1 .  42 - 1 6  5.  7 ,
4 7 . o69 5 - 1 1 2 . 6  43 3 i  <17 6 .  5 9 83 40 6 71 2 . 0 0 - 1 6 3 . i :
4 7 .  6 7C7 - 1 1 2 .  * 9 3 3 1 1 6 3 . 3 9 8 1 4 8 5 63 - 1 4 . 3  9 - 1 1 5 .  (It
47.  6 7 6  J - 1 1 2 . 1 2 3 7 11 7 4 . 1 9 8 *' 467 ' 6 - 1 1 . 5  2 - 1 1 2 .  y »
4 7 .  6 .Sot - 1 1 2 .  2 417 i 3 9 b . ! 9 8 :  44 5 •tV 1 5 . 6 c- - 1 4 9 . 7 ,
4 7 . 6  3 2 3 - 1 1 2 .  3 5 2 5 1 2 9 7 . 5 9 8 1 4o • 6y . 1 0 *  1 ̂  s * 3
47.  6 8 1 5 - 1 1 2 .  9 6 7 3 2 4 2 7 . 4 9 69 211 3y 9 9 . 0 0 - 1 7 2 . 5»
4 7 . 6 8 2 3 - 1 1 2 . 8 v 91 * 5 f 6 . 3 9 6 1 3 9 71 1 0 1 . 5 0 - 1 7  8 . 7  :
4 7.  63 42 - 1 1 2 .  C 2 9 2 i l S v . l 9 8 " 4 9 4 6 v - 1 2 . 3 v * 1 ^ , 7 , ,
47,  6 8 42 - 1 1 2 ,  7 / 3 6 2 47 9.  5 9 8 1 1 9 1 65 9 b . 3 9 - 1 9 2 . 3v
47.  63 53 - 1 1 2 . 8 7 7 6 17'. 7 .  4 9 b 03 81 45 2 6 .  bv - l b  4.  4'
4 7 . 6 8 7 * - 1 1 2 .  2 3 3 5 1 3 9 2 . 3 9 o ; -»4b 94 1 3 . 6 1 - 1 4 2 .  I ?
47,  6 3 7  5 - 1 1 2 .  9 1 3 8 1 6 5 1 .  4 9 5 1 3 7 1 65 1 9 .  3 2 - 1 5  5,  4 ■*
4 7 . 6 6 9 7 - 1 1 * .  3 " 0 5 *4 7  6 . 5 9b l  2 "' 1 6 2 1 33.  b", - 1 7  j .  4.
4 7 ,  69 5 3 - 1 1 2 .  .* 533 1 1 5 " . ' ; 9 8 v 5 : I 57 - 7 . 1 C - 1 3 5 .  »•,
47.  6 9 6 7 - * 1 2 .  2 1 7 5 13 8 0 . 3 9 3 ■ > 4 4 9 9 3 1 5 , 6 ; -  L 4 -- . 1
4 7 ,  6 96''' - 1 1 2 . 5 8 7 2 J i j : . 5 99? 27o 8 6 71 . -iv - 1 5  0 , 9  .
4 7.  7 2 0 3 - 1 1 2 .  o e 7 5 1 6 2 4 , 6 9 8 2  331 4v 1 6 .  6 3 - 1 6  3 . 1 '
47.  7 v 7  2 - 1 1 2 .  9 33  3 1 3 3 ; . ; 9 8 * 337 Q7 3 « .  ?*• - 1 6  5.  dT
4 7 .  7 3 8 7 - 1 1 2 .  9 / 2 7 1 8 4 5 . 5 9 80 3 3 9 46 4 5 . 1 1 - 1 6  1.  3 v
4 7 . 7 1 3 ' - 1 1 2 . 5 9 1 7 1 4 u 5 . 9 981-424 77 - 6 ,  60 - 1 5 2 , 9 "
47.  7 1 3 2 - 1 1 2 .  77 5 2 243 2. 3 9 bv 2 1 b O'" 10 4 . 9 0 -  1 5 7 . 2 ,
4 7 . 7 2 1 7 - 1  12.  566  7 1 4 9  2 . . 9 8*' 413 ic. B . 7  0 - 1 5 8 . 1 .
4 7 . 7 2JC - 1 1 7 . 6 7 6 8 1 7 4 1 . 3 9 3* 35 9 44 3 1 . 6 1 - 1 6 3 . 2 ;
4 7 . 7 3 * 2 - 1 1 2 .  8 1 1 7 2 6 4 5 . 6 9 4 . - I  89 61 1 2 9 . 2 1 - 1 7  5 .  6",
47.  7 3 4 3 - 1 1 2 .  8 6 5 5 1 2 5 2 . 4 96C 479 s . - 9 , 3 ; - 1 4 9 . 7 /
4 7 . 7 3 9 2 - 1 1 2 . 4 9 9 7 1 3 7 7 . 9 9 6 4 3 fc 77 - 2  . b j -  L 5 6 .  3"
47.  7 3 9 3 - 1 1 2 . 5 3 3 3 163 5 . 2 9 8*; 3 6 4 2 1 0 ? 1 ■ - l b ' . 0 -
47.  7 47 2 - i l l .  777  3 2 5 -  ; .  5 96v. 1 77 4 2 1 1 1 .  by - 1 7  3 .  4 "
47 .  7 .SO!'. - 1 1 2 . 2 2 5 7 122 , . 7 9 9 v’ 4 6 9 37 - 1 . 5 : - 1 3  8.  '■:
4 7 . 7 5 1 2 - 1 1 2 . 9 6 5 2 18 2-: . 5 9 •? v 3 51 51 45.9-: - 1 6 7 . 7  ,
47,  7 552 - 1 1 2. 9 76 6 1 6 7 ' . 6 9 6 1 3 7  8 51 2 4 ,  y? - 1 6 ; ,  91
47.  7 6 0 0 - 1 1  2 . 1 '»52 1 1 5 1 . 5 9 SC 517 86 4. 47 - 1 2  4 . 3 .
4 7 . 7  5 40 —1 1 2 . 3  4 3 * 174 4 . 9 9 6 -1 3 6 4 26 3 3 • d C - 1 6 1 .  3 0
47.  7 6 6 7 - 1 1 2 .  1 9 9 2 117 0 .  1 V j ‘y 51 1 75 — 6 ,  2 0 -  13 7 .  1 '
4 7 . 7 6 9 5 - 1 * 2 . 5 6 3 * 1 4 4 B . 7 9 84 427 52 5 . 2 0 - 1 5 6 , Bv
4 7 .  7 6 9 7 - 1 1 2 .  97 43 1 6 7 5 .  1 9 8 1 3 8 1 * 6 27 ,6C - 1 5 9 .  80
47.  7 6 9 8 - 1 1 2 .  5 9 6 7 1 4 9 1 . 3 9 d -1 42 C '" B 1 9 . 9 0 - 1 5 5 .  90
4 7 . 7 7 9 7 - i i 2 , 2 6 3  3 1 * 2  3 . 6 9 8C48 7 3 5 -  4 , tw -  1 4 1 .  n ,
4 7 . 7  7 1 0 - 1 1 2 . 1 1 4 b 1 14 6 . 2 9 8 1 5 1 6 6'.* 1 . 47 - 1 2 7 .  0-r
4 7 .  7 7 3 2 - 1 1 2 . 7 7  6 8 2 5 6 3 . 3 9 6 C19 2 1* 1 1 3 . 4w - 1 7  3.  3 j
4 7 ,  7 7 5 r - U  2. 77 5 7 * g 2 * .  2 9 8 12 4b * 5 9 6 , r 9 - 1 5  4.  y ;
4 7 . 7 7 7 5 - *  1 2 .  3 t 7  8 1 2 0 3 . 2 9 8 1 4 7  4 51 - 5 . 3 0 -  1 4 6 . 7 r
4 7 .  7 7 8 3 - 1 1 2 . 9 9 6b * 13 4. 5 9 8 * 2 8 9 36 7 8 .  40 - 1 5  0 .  4,*
4 7 . 7 8 1 3 - 1 1 2 . 2 3 5 7 1 2 5 2 . 1 9 8 14 81 82 - 2 . 2 1 - 1 4 2 .  3."
47 . 7  8 46 - 1 1 2 . 5 6 3 3 1 4 3 7 .  '« 9 H143 2 9 7 4 . 7 0 - 1 5 5 . 0  0
47.  7 8 5*'' — * -»* ,  o v 6 b * " . 6 6 , 3 9 8 v 3;. 1 3 4 7 4 .  4y - 1 5  9.  IV*
4 7 . 7 8 3 3 - 1  12.  6 6 4 7 * * 4 5 . 7 9 8 " 2 8 7 8 v 7 9 . 9  C -  1 6 1 . 1 .
4 7 ,  7 B ? 5 - 1 1 2 .  9 3 9 5 1 6 2 2.  1 9 H * 39 3 48 "22.9 0 - 1 5  8 .  60
47,  7 9o 8 - 1 1 2 .  7 69 7 2 3 4 5 . 7 9 8C2 49 -i9 1 0 2 . 4 ; - 1 5  9. 9:
4 7 . 7 9 1 2 - 1 1 2 . 4 9 0 7 1 2 9 7 . 2 9 BO 46 9 69 - 1  . 3C -  1 4 6 . 4 0
4 7 .  7 9 L5 - 1 1  2, 235 7 1 * 3 ” . 9 9 5 ; 49 0 11 - 1 .  t l - 1 3 9 . 1 :
4 7 . 7  960 - 1 1 2 .  3 96 5 167 5, 5 9 8 : 3 7 7 80 7 ~ -  15 3. 7 .
4 7 . 7 9 6 ' ’ - 1 1 2 . 5 4 7 : i  41 ' . 3 9 8 v 4 4 ’ 5b 3 . ? ; - 1 5  3.  B"
47 .  8 v 4 * - 1 1 2 . 7 6 1 7 *7 7 1 . 1 9 5 : 1 5 3 49 1 2 4 . 5 0 - 1 7  7 .  6 ;
4 7 . b j 55 -  11 2. 513? 2 45 8 , 5 9 6 ; 2 2 b 4. i l l . — 15 J , y .
4 7.  88 6 5 - j . l 2 . o t' 7  b 17 5 " ,  2 9 37 * 39 *V .  *  V - 1 o 5 . 5 :
4 7 . 6 - 3 9 — 1 1 * .  4 } 4 * 1 7'; o , 6 9 8 C87 8 7 3 1 . 9 0 -  lo 9 .  '■:
47.  g 10 - 1 1 2 .  lb. ;  J 1 *6 * ! .  3 9 8 1 5 , 0 9 * - 7 . 7 ' - 1 3  3.  V.
4 7 . 6 1 . 7 —1 1 2 . 1 3 3 3 l i o 3 . 4 ■v-.-.o 6 27 - 7 . 7  -• - 1 3  7 .  9*
4 7 . 3 1 1 7 - 1 1 2 . 3 5 1 * 15 7 i , b 9 ■ 3 1 3  44 17 4 4 , U> -  1 6 " . 2 ,
*t7. 3 1 3 3 - 1 1 2 . 1 7 5 ) 110 3 . 4 1 6 : r o s ! 3 - 4 . 1 1 -  13 d. '3 '
47.  3 1 3 3 - 1 1 2 .  I b l 7 116 4 , 3 9 j  v 5 : 6 * 9 - ' H ,  90
101
4 7 . 6 1 9  7 - 1 1 2 . 4o95 136b q 9 h C1 4 5 5 53 3 9 0 -  t 4 9 1 ,
4 7 . d 2v 2 - 1 1 2 .  -53 135 9 c 45 a 14 4 v - 1 5  7 1\
4 7 . 8  2 * 2 - 1 1 2 . 5  *92 137 3 OK* ‘t^ / 56 1 3 3 - 1 5  2 3 '
4 7.  3 4 1 1 - 1 1 2 . 9 1 4 j 163 2 a 9 5 * J 9 4 ■■6 23 90 - 1 5 3 7*
4 7.  3 4 5 2 - 1  1 2 . -4 2 26 1371 6 9 3’’ 45 9 67 b 59 - 1 4 4 9v
4 7 . 8 4 7 7 - 1 1 2 .  5 62 3 1397 8 0 8 1 446 99 3 73 - 1 5 2 0 :,
4 7 . 8 2 9  3 - 1 1 2 . 8 1 1 7 2 5 5 4 2 9 3 0 2 2 5 3 2 118 7 3 - 1 6  7 C 1
47 .  3 8 1 7 - 1 1 2 .  1 9 9 2 1177 _ Q 32 5 * 6 t ! -  b 5 ’• * * - 1 3 6 9.
4 7 . 3  492 - 1 1 2 .  573  0 i  41 5 4 9 3 o 4 46 3b 4 3 : - 1  32 9 ,
4 7 . 3  l v3 - 1 1 2 . 5 : 7  5 14 7 9 7 99 041 9 *2 3 62 - 1 4 9 C 2
4 7 .  3 467 - 1 1 2 . 5 7 9 3 1 4 1 * . 98 2 445 74 4 52 - 1 5 3 * j
47.  8 47 5 - 1 1 2 .  7 8 13 17 47 7 9 3 . 3 7 1 1 4 34 b v - 1 5 1 H-.
4 7 .  8 50 3 - 1 1 2 . 6 * 8  5 2 49 9 ? 9 6 3 219 34 1 U 0 : - 1 6 5 6.
4 7.  8 5 3 C - 1 1 2 .  901  3 17 o ' o 98 137 4 72 11 29 - 1 5  5 B '
47.  8 5 4.; - 1 1 2 .  7 7 5 7 173 4 1 9 3v 3 79 v 2 37 1 , , - 1 5 6 9 ‘
47 .  3 3 5 2 - 1 1 2 .  »' 2 5 0 113 3 I* 9 3 • 5 2 o 50 4 . - 1 2 7 O'.
4 7 .  c 5 5 2 - 1 1 2 . 1 5 5 3 1 1 3 1 7 9 8 0 511 44 - v 96 - 1 3  3 ~i- * ;
47 .  3 5 6 8 - 1 1 2 .  3 2 5 3 1 2 / 0 7 9 8 : 4 8 9 0'8 3 9 3 -  13 8 2l
4 7 .  6 63' ' - 1 1 2 .  5 o 9 7 14 37 4 9 8 v 411 3 * 7 5 . - 1 6  3 2
4 7 . 6 5 3 8 - 1 1 2 .  9o5C 1 7 * 5 7 9 8 v J 9 1 P 36 5 : - 1 5 6 -j ■.
47.  8 5 9 9 — * 1 *•  *  - ti  5 12 6 9 8 ■. 49 2 2 4 - l b : 2 - 1  VI 9.'
4 7 .  8 59 2 - 1 1 2 .  2 4 1 2 126 t> 1 9 60 51 6 83 I 81 -  L33 3'
4 7 . a 6 36 - 1 1 2 . 7 5 7 3 1 69 6 ■4 96 0 39 2 6 * 35 1 - 1 5 3 D"
4 7 . 3 6 6 3 - 1 1 1 .  3 3 5 3 17 6 9 Q 98') 369 ? o 37 8 1 - 1 6 0 1 ,
4 7 . 6 5  7 8 - 1 1 2 , 7 2 2 b i  6'-’ 7 6 9 6 0.40 7 43 2 b 3 9 - ’ 54 5:
4 7 . 8 * 7 8 - 1 1 2 . 7 3 2 2 1 6 * 1 5 9 3 . 4v 1 39 5 0 - 15 1 i_ •
4 7 .  8 69b — 1 1 2 .  w .J 1 2 1253 5 9 8 1/ 6 2 1 3 3 — 1 12 - 1 3 7
47.  8 7 0 5 - 1 1 2 .  b 47 3 1512 4 OH , 4 2 9 S ^ 17 7 7 -  151 4 -
4 7 . 8 7  20 - 1 1 2 . 6 9 5 3 1 5 / 5 8 9 8 0 415 19 23 3 1 -  l o  2 4
47.  6 7 2 7 - 1 1 2 .  5 9 4 3 1 4 5 ' q O9 0 439 81 c 7 * - !  53
47,  8 7 66 - 1 1 2 .  2b 3 3 1222 " 9 8 9 j  . 6 c ■. 6 2 , -  13 0 4
4 7.  6 7 9 5 -  1 1 2 .  531 2 148 2 3 9 3 , 4 3 5 32 1 0 5 . - 1 5  2 "> '
47.  6 3 f,- 5 - 1 1 * . 9 3  3 5 17 37 ./ 9 3 : 3 7 : 7b 27 9 : - l o b 9*
47.  o 3 27 - 1 1 2 .  6 7 8 2 1519 4 989 431 2 i 2-. b 0 -  1 ■: 9 4 .
4 7 .  89 3^ - 1 1 2 . 8  32 2 2 371 7 9 9: ,257 l b 1 .  * .3. -  16 5 9
4 7 .  6 8 3 2 -  1 1 2 .  6 10 7 1 4 6 . 9 9 6 C‘ 4 3 9 35 1 - 6 ; - 1 5  2 H '
47.  8 9 43 - 1  12. 3 2 9 7 12 5 9 7 0 8 1 49b 9* 7 9 J - 1 3 3 J .
47 .  6 9 4 8 - 1 1 2 . 6 6 3 5 1 bo 4 1 9 30 43 0 7 2 l b i : -  15 8 1
4 7 .  8 9 53 - 1 1 2 .  5 3 9 5 1 4 9 5 3 9 3 0 4 5 * 56 6 7 ' —15 9 5 '
47.  8 8 5 2 - 1 1 2 .  463 ^ 13 6 " 9 3 0 4 6 7 12 7 7 9 - 1 4 5 l v
4 7 .  6 6 5 7 - 1 1 2 . 7 1 8 5 1 5 b ' 6 9 39 42 7 19 18 0 5 -  15 4 6 ■
4 7 . 6  9 58 - 1 1 2 .  42 42 1317 3 9 8 * 479 8 6 6 40 - 14 6 9 .
4 7 .  3 9 6 * - 1 1 2 .  5 8 1 7 1423 7 9 3 0 4 69 i: 3 9 c - 1  19 b.
4 7 . b o67 - 1 1 2 . 6 4 1 J 148 8 9 '9 30 435 « ; r 14 53 - 1 5  * r* ;
4 7.  8 8 6 7 - 1 1 2 .  7 J 42 155 4 4 9,3 ■" 1 2 2 53 2 2 3w - 1 5 1 b..
47.  6 3 6 5 - 1 1 2 .  6 52 3 t o  95 9 93 0 433 66 15 42 - 1 5 1 yv
4 7 . 6 8 9 2 - 1 1 2 . 3 6 6 3 127? 6 9 89 491 3 2 5 70 - 1 3  7 3'
47.  8 9  6 3 —1 1 2 .  7 2 4 2 1564 1 o 8 v 416 77 22 12 - 1 5 3 41
47.  6 9 9 0 - 1 1 2 .  * 6  \  ) 1227 4 9 8-v 5 01 67 59 - 1 3  7 u :
4 7.  8 9 9 2 -  i. 12 .  2o 3 3 122 6 8 4 3 v 511 *4 ‘-4 90 - 1  2 0 2 .
47 .  6 9 9 7 - 1 1 2 .  6 8 4 7 2359 1 9 8 : 2 5 5 80 192 w * - 1 5 1 u
47.  99-17 - 1 1 * .  0 44 3 17 49 6 98 386 ob 47 w - 1 1 3 21
4 7 . 9 0 3 3 - 1 1 2 .  6 ‘t-.j 6 2 433 3 9 3 123 3 57 138 2 : - 1 6  4 1 :
47 .  9v. 63 — 11 *  • 7 * 6  3 1 54v ■t o h>)415 7 24 7 2 - 15.3 2 :
47. 913o - 1 1 2 .  975 J 176 1 7 f 3 v 3 8 "b *. 41 -  I d 5 7 :
4 7 . 9  I  3 8 - L I 2 . 5 7  6-1 I t  5 7 1 3 -J :■ 4 4 2 o7 9 -  15 3 ’ :
4 7 . 9 L 7 * - 1 1 2 . 7 . - 1 7 l o t  4 5 9 41 3 13 i  ..j -15.1 6 1.
47.  9 1 7 5 -  1 1 2 .  5 o 4 0 146 / 3 0 6 442 36 *  - 30 — 15 3
4 7 . 9 1 9  3 - 1 1 ^ . 5 o 43 i ob 9 “1 9 6 > 3 71 1 0 6 2 .  w - 1  4 5 -i ,
47 . 9 2 r 5 - i t : .  0 ^ 5 162 3 9 0 . 4 . 9 77 27 5 O - 1 5  3 9 ,
47 .  9 215 - 1 1 * . 7 3 9 5 1 7 3 4 1 9 r  3 8 5 7 6 3 7 4 . -  I D 6 1 "
47.  ?213 -  *  i  I . 8 O 2 4 5 1 5. o i . 2 3 6 o t 1 3 9 - 1 6  3 A '
47 .  9 2 j  8 - ]  1 2 . 0 ^ 3 18 43 j * 8. 4 2 4 >5 » ■; 8 y -  1 D 3
47. - / o ' - 1 1 2 .  ■) v 4 J 2 255 u - - • ' 2 5 7 4 7 j *  ’ 0 "l
4 7.  9 2 5 7 — 11 * • 7 o ) o 1 54 2 s o8< 4- 9 t 3 ..’ 9 7\ - 1 8  2 6 ■
47.  9 2 62 - 1 1 2 . 0 * '  5 15.: ! 5 9 0 2 41 4 5 1 - 4 6 :■ -  171 4 :
102
4 7 .  7 * 6 o - 1 1 3 .  8 3 6 7 2J i  4. ■ 9 6 - / 2 7 b .  71 i  0 6 .  i  ; -  l o  2. 6 ;’
47.  9 4 8 2 - 1 1 2 . 5 5 9  7 1 4 - 8 . 2 9 6 *. 45 3 . 3 7 0 . 2 ; - 1 5 1 .  3.'
4 7.  9 i l d - “ 1 1 / .  416  7 12 8 9 . 6 9 0 0 4 9 3 . 1 3 7 . 3 2 - 1 3 6 .  9-
47.  9 3 2 2 - 1 1 2 . 8 4 22 16 3 7 . 7 9 0 1 4  2 9 . 6 2 2 7 . 3  0 - 1 5 1 .  7).
4 7 . 9 3 4 2 - 1 1 2 . 7  41 * 16 9 3 . 4 9 P v 4*. 1 . 2 1 3 9 . 6 1 - 1 4  9.  e :
4 7 . 9 3 5 7 - 1 1 2 .  8 33 5 19 9 3 . 1 9 6 7 3 5 8 . 6 6 6 1 . 60 - 1 5 1 .  5-'
47 .  9 5 6 3 - 1 1  2. 91 9 J 2 40-1. 6 9 62 2 3 1 . 1 2 i n , 2 : - 1 5 b .  5 ■
4 7 .  93 9 5 - 1 1 2 . 8 4 2 3 2 47 5 . 7 9 6 v 2 50 .!. 7 177 , 7 i - 1 5 1 .  4'.
4 7 . 9  417 - 1 1 2 . 7 4 7 5 1 1 4 8 . 5 9 3 ' 5 3 b . 9 ; 6 . 4v - 1 2 2 .
4 7 .  9 42 3 - 1 1 2 . 1 5 6  J 1 1 6 4 .  9 96 : 5 3 5 .  f 5 9 . 6 0 - 1 2  0 ,  7 v
4 7 .  9 42 5 - 1 1 2 . 2 8 7 5 1 2 7 3 . 2 9 6 ' 1 3 2 3 . 5 6 1 1 . 40 - 1 2  3 , 6 0
4 7 . 9 4 2 7 - 1 1 2 . 3 6 7 5 1 2 7 4 . 6 94s, 5 2 3 .  77 11.- . 5 J — 1 x 4 , 2 .
4 7 . 9 4 3 3 - 1 1 2 . 2 4 5  7 127 5. b 9 8 2 5 2 8 . 8 4 1 1 . 6 * - 1 2 3 . 5 ;
47.  9 447 - 1  12. 95 / a 2 2 7 1 . 3 46 725 .' . ‘‘ 9 9 b . 7 1 -  10 3.  b .
4 7 .  9 45 3 - 1 1 2 .  dr 48 1 7 7 7 . 5 9 ov  3 9 3 . 3 ; -J O • c> * -  i o  2 . Jv
4 7 .  9 46 2 - 1 1 2 . 6 6 v 2 1 0 2 7 , 6 9 6 v 4 1 4 , 2 9 3 1 . 2 1 - 1 5  5 .  '<!"■
47.  9 46 2 - 1 1 2 .  6 8 9 3 1 3 1 2 . 6 ■?p4361, 92 6-n. 61 - 1 4 7 .  3 ,
47 .  9 635 — x 1 x.  41 8 x x 4 3 4 .  4 98-:  2 2 6 . 8 7 - v 9 , 5)/ - 1  8 8 . 3
4 7 . 9 5 3 3 “ 1 1 2 . 1 5  4 8 1 1 8 2 . 4 9 0 .7 5 3 8 . l v I -' .  0 u - 1 1 9 . 1 ' .
4 7 . 9 5 7 7 - 1 1 2 .  6 19  6 17 3 4 . " 9 3 : 3 3 6 , 5  3 3 o . 3  v -  15 8 . 7
4 7 .  9 6 3 3 - 1 1 2 .  9 91 2 1 7 7 1 . 0 9 3v 3 8 9 . 0 2 4 9 .  5? - 14 8 .  v :
47.  9 6 9 2 —1 1 2 . 0  4 58 2 3 5 6 . 1 9 8 7 2 6 4 • " b 1 C3 . 8C - 1 5  9 . 6 '
4 7 .  9 7 1 3 - 1 1 2 .  0 1 5 2 145 6 .''. 9 6 !" 4 4 a . i l 1 « 6 0 - 1 5 2 .  4v
4 7 . 972C - 1 1 2 . 3 * .  4o 1 2 3 7 . : 9 8 5 5 2 5 . b I It- . ‘ tv -  12 60
4 7 . 9 7 6 7 - i l l .  3 15 J 1 2 1 1 . - 9 8 ? 5 2 6 . t i 1 4 .  OC - 1 2 1 . Jv
47.  9 7 8 2 - i l l .  3 47 2 2 7 0 4 .  1 9 0 : 1 7 4 , 9 6 1 2 1 . 2  C - 1 6 1 .  3;
4 7 . 9 7 3 3 - . 1 2 . 3 1 - 3 12 1 '* . 4 9 ■ / b 2 S •  ^ ^ Jm * • - 1 * - t v ,  •
4 7 . 9 4 ; - ! ) - 1 1 2 .  3 1 3 3 121 • • 4 9 8 1 5 2 9 . 4 7 1 4 , 60 - 1 2  3 .  b .
47-. 9 e 6 7 — a  1 2 .  2 6o 0 1 1 9 1 . 3 9 8 v 5 3 4 • 73 1 3.  5v - 1 1  9.  6 ,
47 .  9 a 6 7 - 1 1 1 . 2 8 6 7 1 X ,' i  .  _ 9 80 5 3 2 . 5 2 1 4 .  2C -  1 2 ' •.  *7 7
4 7 . 9 4 6 7 - 1 1 7 . 9 ) 8 3 1 2 1 1 . 3 ^67 5 3 0 . 1 7 1 4 . 9 ; - 1 2 7 .  r
4 7 . 9 8 6 7 —11 x •  3 3 •/ 3 1 2 1 9 .  2 960 5 2 7 .  42 I t *  / v - 1 2 1 .  o'
. 4 7 . 9 4 6 7 - 1 1 2 . 9 6 x 7 123 ? . 2 9 5 : 5 2 3 . 1 8 1J . d v - 1 2 3 . 6
4 7 . 9 8 6 7 - 1 1 2 . 3 o ^  3 1 2 3 4 . 7 9 60 5 x 1 .  47 1 3 .  52 - 1 2  4.  5 ..
4 7 . 9 8 6 7 - 1 1 2 . 3 7 3 3 12 4 3 . 1 980 5 1 9 . 5 4 1 3 . 8  0 - 1 2  5.  3 ;
4 7 .  y 367 - 1 1 2 . 3 * 6  j 125 3 . 9 9 3 ‘I 51 4 .  7 5 1 2 .  71 - 1 2 7 . 5 .
4 7 . 9 8 6  7 - 1 1 1 . 3 * 6 7 1 x 8 3 . 9 9 s : 5 1 4 .  to * 2 . -tv - 1 2  7 .  8 :
4 7 .  9 8 6 7 - i l l .  413 3 1 2 6 4 .  9 95-; 5 1 7 . 3 4 1 2 . 2 0 - 1 2  9.  12
47.  98 6 ' ’ - i l l . 4 247 127 J. 1 9 9 0 5 7 7 . 7 3 i  i . 9; - 1 3  ' .  5.
4 7 . 9 8 6 7 —1 1 2 . 4  0 8 3 127 3 . 6 9 0 7 5 7 5.  -36 1 1 . 4  0 - 1 3 1 .  4 ,
4 7.  9 8 6 7 - i l l .  4 49  2 1 2 8 o .  3 9 3 v 52 3.  46 1 1 .  40 - 1 3 2 .  3 '
4 7 . 9 8 6 7 - 1 1 2 .  4 58 3 1 2 9 2 . 7 9 37 50 9 . 1 9 1 0 . l w - 1 3  4.  30
4 7 . 9 6  79 - 1  17.  459 3 1 2 9 2 . 6 9 3 0  5-; 0 . 2  7 1 v , 2 0 - 1 3  4.  47
47.  9 8 8 2 -  i  1 2. 9 1 9  2 2 3 5 9 .  1 9 Sv 2 6 7 .  1 8 10 6 . 1 C - 1 5 7 . 8 '
4 7.  9 4 ^ ' , - 1 1 2 . 4 7  53 1 3'7 5 . 4 9 6 ^ 4 9  5 . 7 8 9 . 6  C - 1 3  6 . 3 .
47 .  9 9 47 - 1 1 2 . 5 9 6 7 1 4 1 3 . 5 9 80 4 6 r . 5 2 d .  by - I 5 f . y ;
47.  9 9 4 2 - 1 1 2 . 4 9 8 3 1 3 7 . 7 . 4 9 8 * 4 5 9 .  36 9 . 3  0 - 1 3 9 .  0*'
4 7 . 9 9 4 2 - 1 1 2 . 5 1 2 9 1 3 3 9 . 6 9 4 7 4 3 4 .  42 6 . 2  0 - 1 4 1 . 5 :
4 7 . 9 9 4 2 - i l l . 5 3 5 7 1 3 6 ; .  6 4 3 :  47 6 . 99 7 .  20 - 1 4  4. 8 «.
4 7 . 9 9 4 2 - . 1 2 , 5  568 107 6 . 4 96-; 4 7 ' .  95 0 , 8 0 - 1 4 7 . 4  7
4 7 . 9 U4 3 - 1 1 2 . 5 5 6 5 137 3 . 9 9 3 . ' 4 7 1 . )  3 0 . 9 ; - 1 4 7 .  2:
Appendix D
Two-dimensional g rav i ty  modeling program
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DIMENSION XXCM’ O ) ,  X ( 5 1 ) ,  Z ( 5 1 ) , G S U M ( 3 w  ) ,  XA ( 5 1 ) ,  ZA ( 5 1 )
DI MENSI ON POLYC51)
T AN( X) = S I N C X ) / C O S ( X )
P I - 3 . 1 4 1 6 9 2 7
OPEN ( U M T  = 1 ) , C Z  V I CE = ' DS K ' ,A CC E SS =' S 5 :Q DU r  F I L E = ' G R A V O . D A T ' )
TYPE 790
7 9 f  FORMAT ( # ENTER NUMBER GF POLYGONS I N 4 Q ) E L ' / )
ACCEPT 7 9 I / v?OL 
791 F O R M A T ( I )
TYPE 8 0 2
8C2 FORMA I  ( '  i  N T F P. NUMBER OF POINTS IN P R O F I L E ' / )
ACCEPT 8 1 3 / K X K  
8C3 FCP.MAT ( I )
TYPE 9"6
BCb FORMAT! '  ENTER DISTANCE ( I N  K)  INTERVAL BETWEEN PROFI LE P O I N T S ' / )  
ACCEPT SC 7 ,  CG 
8C7 FOPMAT(F)
C . • • i.ERC THE POLY ARRAY 
DO <325 1 = 1 , KKK 
925 POL Y ( I ) =G.
GEE = 6 « 6 7 E “ 3
C . . . N O W  LOOP THROUGH COMPUTATIONS FOR NPOL TIMES 
DO 65C N C O = i , N P O L  
TYPE 7 9 9 , NCO 
7 99 F O R M A I C  POLYGON NUMBER ' , 1 5 )
TYPE ?O0
RCJ FORMAT( '  ENTER NUMBER OF SI DES OF P O L Y G O N ' / )
ACCEPT 3 0 i  ,  V 
PCI  FUFM»T ( I )
TYPE 3 - 4
DC 4 FORMAT( '  ENTER THE DENSI TY C O NT R AS T */ )
ACCEPT 3 0 5 ,  DENS 
BC5 FOPMAT(F)
TYPE 8f 9
809 FORMAT( '  READ I N  COORD. ( M)  I N CLOCKWISE PASHI ON/ GNE
I X , 2 P AI R PEH  L I N E ' / )
DO 9 0 0  I  = 1 ,  N 
ACCEPT 3 1 0 ,  X ( I ) , Z ( I )
BI D F OF. MAK2F)
SCO CDNTIWIE
DO 20 1 = 1 ,  N 
XA ( I  ) = /. ( I  )
Z A ( I ) = Z ( I )
20 CONTINUE 
X( N ♦ !  ) =X ( 1 )
Z ( N + 1 ) = Z ( 1 )
E I S ? = - C O  
C . . . Z E R G  THE GRAVI TY ARRAY 
DO 9 2 0  1 = 1 , KXK 
92 D G S U M ( I )  = *i.,
DO 60C K = i , KKK 
DI ST=DXST+CO
x x c o = D i s r  
FORMAT! /  )
25 DO 500 1 = 1 , V 
J s l + 1  
A = X ( I )
L = A ( J )
C = Z ( I )
D = Z ( . ) )
GO TO W9 
51 GZ = 0 . 0  
r  H I =0 .
3,05
GO " 0  t99
C THE POl .LO. ING LOGIC TESTS FCP. SPECIAL CASES 
49 I t ' ( A )  7 1 , 5 1 , 1 1
51 I F  ( 0 5 2 / 5 0 /  52
52 I F ( B ) 5 3 / 5 3 , 5 3
53 I F  ( C - L )  1 1 3 , 1 3 0 , i l l
71 I F ( P )  7 2 / 8 1 / 7 2
72 T H E 7 A i = A T A N ( C / A )
T H E 7 A 2 = A T A N ( D / 3 )
I F  ( THE T A 1 - T H E T A 2 ) 7 3 , 5 0 , 7 3
73 I F  ( A - S )  7 ■?/ 140 /  7 4
74  I F  ( C - U )  l & i , 1 3 0 , 1 6 0  
31 I F ( C - D )  3 2 , 1 3 * , 3 2
62 I F ( P - B )  1 2 3 ,  5 0 ,1 2 ''.
C COMPUTATION FOB CASE ONE 
1 1 0  CALL APCHECC A / B / C / J / P H I )
CALL ATEP M ( A / B,  C,  D/ P H I ,  AA)
CALL A2CH£.<( 3 / 2 / 7 0  
ALPHA = i‘ 2 -P  I  /  2 • * *
T P H I  = ( ( P - C ) / ( B - ; . 0
3 E T A = T P H I * A L 0 G ( C 0 S ( T 2 ) * ( 7 A N ( T : ) - : P H I ) )
4 9 C GZ = A A M A L P H A + E Z T A ) * ( - i . C  >
GO TO 499  
C COMPU TATI  ON FDR CASE TNG 
1 20  CALL A P C H S C ( A / 3 / C / 0 / P H I 1  
CALL A7E:<M( A / b / C / D / P U l /  AA)
CALL >1CH£C(  A / C / T l l  
A L P H 4=7 i  •  ? I  /  2 .  T 
7 P H I  = ( ( D - 0 / ( L - A 0
BET A = T P H I * l L O G ( C0 3 ( T 1 ) * ( 7  AG( T 1 ) - *  P H I ) )  
G Z = AA * (A L P HA + BE7A)
GC TO * 9 9  
C COMPUTATION FOR CASA THREE 
2 30 I F ( . i )  1 3 1 /  1 3 2 /  131  
3 31  I F ( 8 )  1 3 4 / 1 3 3 / 1 3 4  
1 3 2  T l = F I / 2 . 0
CALL 42CHSK( B / D / T  2 )
GO t q  ±35 
2 3 3  T 2 = P I / 2 . r
CALL H C H S C ( A / C / T 1 )
GO TO 1 3 5
1 3 4  CALL U C h E C C  A , C , T 1 )
CALL A2CHE < ( B , D , T 2 )
1 3 5  g z = c * ( ? 2 - t i ;
P H I  = 3.! '
G il 70 ^99 
C COMPUTATION FOR CASE FOUP 
141 CALL A 1 C H E C ( 1 / C / T l )
CALL * - t C H S . < ( B / D / T 2 j
GZ = A* l.LOG( ABS{ (C )3(  T 1 ) ) / (COS ( 7 2  ) ) ) )
PHI = •>..- 
GO TO 499
C COMPUTATION FOR THE GENERAL CASE 
16? CALL A P C H E C ( A / P / C / D / P H I )
CALL A T E F H C A / 3 / C / J / P H I / A A )
CALL A1CHEC( A / C / T l  ) 
c a l l  i. : c h e <(  3 , s , ? 2 )
ALPFA= " 1 - 1 2
T P HI  = ( ( D - C  ) / ( ■ ■ - : . ) )
~ i  =CL)S(T1 ) * ( T A N cr: J - T P H I )
P. 2 = 0  OS ( T 2 )  *(  T A . - » ( T 2 ) - 7 P H I )
T: = tx/ l  1
L L T A = 7 P H I *  ALOG( ")
CZ = AA* (  ALPHA+-3E7A)
4 9 9  GSUM( K) = GZ *2»<, r p.iN 3*0- ,F *GSUH(K )
5 £3 C C M I M ; -
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i',N = N'+I
DO 10 1 = 1 /  NV 
X ( I ) = X ( I ) - C O  
13 CONTINUE 
6 Of  CCNTINUE
C FOR HORIZONTAL DI ST  ANCI OUTPUT IN METERS,  d r o p  t h i s  do lo o p  
DO 12 K -  I  ,  (vK.K.
A X( K )  = X X ( K ) / U O C .  :
12 CONTINUE
TYPE 9P5
DO 79 2 K= 1 ,K KK
TYPE 9 1 Q , X X ( K ) , G 3 U M ( K )
P OL Y( K)  = P C L Y ( X )  ♦ GSUM(K)
7 9 :  CONTINUE
65< CONTINUE
I F ( N P O L . u £ . l ) G U  TO 6^7  
TVPF 9C4 /NPOL
9C-* FORMAT ( /  / '  COMBINED GRAVITY EFFECT Or / / ' I 3  , / / '  P O L Y G O N S / / ' )
TYPE S-‘ 5
9C5 FCP MAT( '  X ( I N  KM.) G ( I N  M G A L . ) ' / / )
DO 6C'7 K = i,,< ;<x
TYPE 9 1 0 /  X X ( X ) / P O L Y ( K )
91? F O P M A T C F l l .  4 / 2 X / F 1 2 .  3 )
' . < R I ? E ( l i , 9 3 S ) X X ( K) / POLY( K)
9C 6 FOR V A?( F 1 1 . 4 , 2  A , K i  2 . 3  )
cC 7 CONTINUE 
STOP 
END
SUBROUTINE ATERM ( A X , 8 X , C X , D X , P 2 , A A )
Al = R X + ( D X * ( ( 3 X - i . X ) / ( C X - O X ) ) )
A A = ; . 1 * S I N ( P 2 ) ’» C 0 S ( P 2 )
RETURN
END
SUBROUTINE A1CJIZC ( X A , X C , T 1 )
P I = 3 . 1 4 1 5 9 2 7  
I F  ( X C / X A )  2 , 4 , 4  
2 T l = A T . V N ( X C / X O > P I  
GO TO 11




SUBROUTINE A 2CHEK ( X 3 , X D , T 2 )
P I = 3 . 1 4 1 5 9 2 7  
I F  ( X D / X B )  5 , 6 , 5
5 T 2 = A T A N ( X D / X d ) + P I  
GO TO 11




SUBROUTINE APCHEC ( X A , X B , X C , X D , P H I )
P I = 3 . 1 4 1 5 9 2 7
I F  ( ( X u - X C ) / ( X B - X A > )  7 , 8 , 8  
7 P F I = A T A N ( ( X ) - X C ) / ( X B - X A ) ) + P I  
GO TO 11
1 ? H I  = AT \N ( ( XC ~ XC ) /  ( X B-  X A ) )
11 CONTINUE
RETURN
END
